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NOMPABKA 


B cratbe «ACHMMTOTHYeCKHH 3aKOH WIA MWpeACTaBeCHHA 4HCe HEKOTOPbIMH MOJO0- 
WUTCbHBIMH TEPHaPHbIMH KBapaTH4HbIMH dopMamuy (JLAH, tT. 93, Ne 5) B cdopmyun- 
pOBKe TeopeMbI ONyMleHo Culegyiomlee ycuoBue: «Yucnzo m yOobssemsbopAem podosuLm ycAo- 


1 m = 
6UIM PopMol f, m. e. (— >| = 1 Onn bcex p\rm.“ViMeHHO IIpH 9TOM OYeBHAHO HeOOXxO- 


AUMOM YCJIOBHA MpuMeHHMa OKa3aHHas B 3aMeTKe JeMMa. Takoe xe ycNOBHe CeyeT 


HaJOXKHTb Ha m B paBencTBe (18). 
A. B. Maaoiues 


T-02752 Iloqmucano Kk neyatu 7 IV 1954 r. Tupax 575) ax. Sak. 145) 
Popmat 6ymaru 70 x 108*/,,. Bym. aucr. 68/4. Tey. a. 18,49+5 peo. Yu.-nan. a. 17,00)| 


2-1 Tunorpapua W3qaterbcrpa Akagemun nayk CCCP. Mocxsa, IvoOunckni nep., 10) 


Jloxrsaygn Akagemun Hayx CCCP 
1954. Tom XCY, Ne 4 


MATEMATHKA 


A. T. BATYLUKHH 


K TPHHAQUATOM MIPOBJIEME THJIbBEPTA 


(Ipedcmaszeno akademuxom A. H, Koamozoposum 25 I 1954) 


Eme ps 1900 r. Pua6eptom Optio Bricka3aHo mpeqmonoKeHne 0 cy- 
{11eCTBOBaHHM aHaJMTHYeCKHX PYHKUMH Tpex nepeMeHHbIX 


Jy — (Meee X92, Leys 


He MpeCTaBMMbIX HHKaKOH KOHeCUHOH cCynepno3suuHel HeNpepbIBHEIX 
(yHKkunH AByX WepeMeHHbIx*™. Sra rumore3sa ocTaeTcA He JOKAa3AaHHOH 
M He oOnpoBeprHyToH. B nacTtosmeh 3aMeTKe Oy LET MOKa3aHo CylecTBOBaHUe 
mpu m06nx n>>2, />1 hyuKunu 


Viz” (Xi Not ae Xn) 


C HelpepbIBHBIMH YaCTHBIMH IPOv3BOHbIMH 0 l-ro NOpAAKa BKJIOUUTEIbHO, 
He pecTaBHMOH B BME KOHeYHOH cynepno3suunu dyHKunh n— | 
TepeMeHHOTO, y KOTOPHIX BCe YaCTHbIe npousBo_upe J — l-ro nopsxqKa 
ymopueTBopsiot ycaosuio Jlunumua. JloKasaTepcTBo HempeCTaBHMOCTH 
dyHKuuun F cynepno3uuuamu yka3saHHoro Bua ONUpaeTCH Ha ,OCHOBHYIO: 
JIemMMy“, KOTOpaH MOKa3bIBaeTCA TPH NOMOINM ONeHOK BapHallHi, TaHHblX 
B 3ameTKe (1). Camo noctpoeHue dyHKunu F u goKa3aTeapcrTBo Toro, 
YTO OHA YAOBIETBOPACT BLIMBHHYTHIM YCJIOBHAM, KPOMe OCHOBHOH JIEMMBI, 
MCNOIb3yeT OObIMHBIE METOZH TeopHH upuOduxKeHuH cyHKUMH MHOrO- 
yqeHamu (§§ 2—3). 


Sl Ocnopnax emma, Gfiycnt. Li Pi (24,25;. 02522) C= 
= 1,2,...,m)— mHoz04NeHoL cmenenu He BoLWie F OMHOCUMEALHO KAHC- 
0020 U3 NEPCMeHHOLX; Zj,a; —NpoussoAoHwle KOoHCmanmut (i = 1,2,...,m) 

am > [16 (9 + 1]? (6rP4 gms. (1) 


Tozda moocHo nodobpams maxkue 
Speer el = Lone eye 


4MmO HU NPU KAKUX 21, 2Z,...,2%q HE OYOVM BbINOAHNAMBCA OOHOBpemMeHHO 
He paseHcmea 
Wye ay — et / ee ba 1, De Me. 


aa JOKa3aTeJbCTBa OCHOBHOH JICEMMBI PaCCMOTPUM BapNvallytIO MHO- 
2KeCTBA ©, ABMAIOULCrocaA 06pa30M NpOCcTpaHCcTBa Z-OB B IpOCTpaHCTBe 


* B cooTBeTcTBuM Cc yKasanuem Tvab6epta, aHanuTHyecKyo PyHKyn y=f (41, X2, %3), 
He IIpecTaBuMy10 KOHeYHOM cynepnosuuMeH ananHTHYeCKUX dyHKyA NByX MepeMCHHDIX, 
JI€PKO MOCTPOUTb, NOAb3yACb TEM, YTO MEKAY Koshduynentamu pAla Tenuopa yHKWAH. 
IpeACTaBUMBIX KaKABIM U3 CYCTHOTO YHCIa Pa3sMYHbIX THNOB CyMePNOSHMAH, CyILeCTBYIOT 


ONpeeJeHHbIe COOTHOIMECHHA. 
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y-os. B cuay HepaBenctsa (6) u3 (*) Bapwallua W 9TOTO MHOKECTBA B 
KyOe 
Ai — 3p i ai te, Bea ben oa fas (2) 


UMe€eT OIWCHKY CBeEpXy 
w< (6r)3? gm!4. (3) 


Ecuu, BOMpeKM 3aKJIIOUCHHIO OCHOBHOH JICMMbI, JONYCTHTb, YTO pH 
JOOBIX €; =-+1/, MHOXKeECTBO € HMeeT TOUKH, KOOPAMHATbI KOTOPbIX 
YAOBJETBOPAIOT BCEM HepaBeHCTBaM |yi—Q;—ei|<1/g,, TO, IpHMeHAA 
K KaxKOMy u3 2” Ky6oB, Ha KoTOpble pa3sOuBaeTca KyO (2) mOCcKOCTAMU 
Yi =@;, HepaBencTBo (5) u3 (*), nOyuMM, C Apyroh cTOpOHH, 

1 q 
o> 2(mecg) 4 
oO" G+ th (4) 
H3 (3) u (4) Bprrekaet 
am < [16 (9 + 1)]* (Gr) gm?. 


OueBuaqHO, 4TO OOpaTHOTO HepaBeHCTBa MOCTaTOUHO A MoOmyue- 
HHA 3aAKJIOUCHHA OCHOBHOH JICMMBI. 

§ 2. Ann poKcuMalua Cynepnuo3sunukh PyHKUUNH Cynepno- 
3HUNUAMM MHOTOUTeHOB. DPyHKuMA F(x) = F(x, Xo,...,Xn) OyAeT 
ompeme wena BO BCEX TOUKAX X = (X1, Xo,..., Xn) CMHMUHOTO Ky6a J: 


OR Xi el al eit 


=, 


SamaHHad Ha TOM xe KyOe dyHKuuA P(x) Ha3spiBaeTca Cynepnosnmnel 
S-TO TOpALKa, NOpOMLeHHOK PyHKuuAMUu #— 1 nepeMeHHbIX 
Pena (uy, Us, OS) Un—1)s 
ehh U8 hoe ES ICE LO aa esl 


e€CJM OHA ONPeCCIHETCH Ha Js COOTHOMUICHHAMH 


Di = 9. (0 0, 2. 2D)), 
(a = of) (a+1) (a--1) (+1) ' 
aves tugs Pevexs tee’ piie. eet Ue Bane Ba Vag dae, Wie ey 


(s) A 
Wai 8e. + Bs (Bi, Bar-s+r By ). 


Cynepnosuuna @ nowHOCTbIO onpemenseTcaA cBoeli » CHrHaTy pou “ 
(dyHKunel, IpHuumaromei sHayenua 1,2,...,n, oT S Nl@pe€MEHHHIX, 
mpooderaiomux snayenua 1, 2,...,2—1) 7(8,8,...8s) m 3amaHMeM ty; = 
=1+(1—1)+(n—1P+---4+(n—1)1< x cyuxuuit (a). Moxno 
mpewnouarath PyHKiwu % (uz) onpeeeHHEIMM Ha BCeM npocTpancTBe R71: 
B CHJy BO3MOXKHOCTH NpOODKeHHA PYHKUMH Ha BCe MpocTpaHCTBO Cc Co- 
XpaHeCHWeM TaKOCTM 3TO He MpHBeeT K CYUIECTBEHHOMY YME€HbINeHHIO 
OOWHOCTH OKOHYATCAbHBIX Pe3yIbTATOB. 

Ana m000H KOHKpeTHOH CynepnosuiMH MHO#KeCTBa TeX 3HAaUeHMI Ux 
apryMeHTOB UW, KOTOPbIe (hakKTHYeCKH MCHOAbSyIOTCA JIA BbIUMCIeHHA 
O(x) wa Jn, OyayT orpanuuenn. Tlostomy “3 u3sBecTHBIX TeOpeM O NpH- 
OM2KCHHH PYHKUMA MHOTOUNeHaMH BbITeKaeT 

JIemma l. Ecau gynxyuu o(u) umerom L—1-e npoussodnue, 
yoossemsbopsriwue ycaosuiw JIunuuya, mo cyumecmeyem makast KOH- 
cmauma C, umo npu Aawbom k mosncem Ovlmb nocmpoexa cucmema 
MHO204NCHOE 


(a) 
Ve, Bo -- By (a, Ug,.- +, Un—-1) 


| cmenenu k no Kas#cOOMY U3 nNepemeHHULX, OAL KOMOpOK cynepnosuyusA 
| V(x), nocmpoennasa no cxeme cynepnosuyuu P(x), Oydem ydosremso- 
pamb Ha bcem In Hepabencmsy 


G 
hl Slory a 


| IIpu saqannol curuarype 7(8,82,...,8.) MHorousen W,(x) Kpome 
| MEPe€MeCHHEIX X; 3aBMCHT elle TOIbKO OT KOS*pPUNNeHTOB MHOTOUIeHOB 


) yr) 
| We.e....0,- OTH KospuunenTsl MBI 3aHyMepyeM NOApAL: 
Cy, Co,.~--, Capes 


THE Yns=%s(k + 1)""1 o6O03HauaerT ux o6mee uNCcIO (Maa BCeX MHOFO 
yneHosB W). Jlerko BugeTh, 4TO 


WV, = WV, (x4; Xg,+++)Xn; Cy, Co,--., Caps) 


MO K@KZOMY H3 MepeMeHHbIX xX; HU Cj ABAACTCH MHOFOUTeHOM CTeneHu 
HE BBIINe rps < (nk), 


§ 3. Toctpoeuue byuxuun F(x). Mcxoman bynxuua F(x,..., Xn) 
TIpeLCTaBAAeTCH B Bue pana 


F(x) = Die (x) = lim Fe (x), 
E=1 ae 


Ae 
E 
F(x) = 2) An (2). 


Jia MoKka3aTepcTBa HenpemctaBumocTtu F(x) B Bue uTepalHh cy- 
UECTBeHHHI 3HayeHua He(x) B TOUKaX Xx C KOOpAuHATaMM BUA 
{ 
Xy = (Ay + */o)Az, Ag=—, 
Ve 
Te uMCAO pe MIpH KaxnOM § dbuKcupoBaHo, a a, mpoderaeT 3HaueHHA 
1,2,...,#e. Takux Touek B KyOe J, uMeeTca 


Me = pe. 
Msi o603HauHM ux x(&,2), rae uHaekc ¢ npoberaet 3Hauenna 1, 2,..., me, 
MW M002%KUM 
I 
oe a 
He(x (6, 1) = a5¢ ef. 


JIemma 2. [7pu aw6ux peu c)=+1/, ynxyuu He(x) mozeym 


Oblmb nocmpoenbl mak, 4mo 
1 


| Hel< (5) 


=e 
Ta 
a “wacmunole npouseodnsie Hze(x) nopadKa ne colue 1 nenpepolenn u He 
npessiuaiom no adcoAmmunoi Bbenunuune C/325, 2de C—xnekomopax 
abcomimunasd KOoHCMaHma. 

Jlerko BuseTb, 4TO B Culy4ae, ecam dyHKuMH He(x) NOcTpoeHbl B CO- 
oTBeTCTBHM Cc semmMoH 2, To dyHKuNa F(x) umeeT HeEMpepbIBHbIe Mpo- 
W3BOJLHbIe BCeX NopanKow no l BKAOUHTeAbHO. OcTaeTca MOAOOpaTh pe U 
e() vax, uToOn dbyaKuua F(x) we moraa 6ObITh WpescTaBeHa Cymepno- 


3MUHeH MHTepecylomero Hac BUA. 
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Jlemma 3. Moocxo nodobpams 


1S tla Se.» GPs Sp SOO 


1 


mak, 4mo Ord ke=[pe 2" | 


Me= VE, Ge = These, TE — These 
OyOYM boINOAHAMbCA CooMmHOWeHnUA 


am > [16 (ge + 1)]% (Gre)P% més, 


— 5.00, (6) 


Bpl6paB pe B COOTBeTCTBHH C JICEMMOH 3, MOMKHO NOCMeOBATeAbHO 
cTpouTh dyHKuuu He(x) c coOmoMeHHeM BCeX paHee BLIABHHYTHIX yCJO- 
BU TaK, YTOOb! MpH KaxK NOM § HH AH OAHOTO MHOroumeHa Wp, (Xj, Xo... 
..+, Xn), ABIAIOMCTOCA ye-Cynepno3snuuel MHOTOUIeHOB cTeneHH kg OT 
n—1 nepemMeHHoro He MOrAM OHOBPeMCHHO BBINOJHATBCH BCE COOT- 
HOW CHUA 


1 


; 325 foe , 
| Tre (x, t)) — Fr eax, i))— 2) |< =, Le 1 aie 
E 


STO BO3MOXHO B CHY OCHOBHOH weMMBI. I]pH nomomm aemMp 2 4H COo- 
oTHomeHHH (5) uw (6) werkKo Tenepp oKa3aTb, uTO d@yHKuuA F(x) He 
MOXeT ObITh CynepnosnuHeH dyHKunH m—1 nepemenuoro, /— l-e mnpo- 
H3BOAHbIC KOTOPHIX YOBJeETBOPsIOT ycroBHIO Jlunmua. 


Mockosckui rocylapcTBeHHblit Tloctynus0 


yHUBepcuTerT 25 | 1954 
um. M. B. Jlomonocosa 


LWHMTHPOBAHHAS JIATEPATYPA 
1A.T. Butymkun, JAH, 95, N23 (1954). 
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Aoxaagn Akagemun Hayrx CCCP 
1954. Tom XCV, Ni 4 


MATEMATHKA 


C. HW. MEJIBHUK 


OCILHMJJIAPYIOLUME ®YHKUWHMH WH WX NPHJIOYEHWE 
K MIPHBJIM)KEHHOMY PELUEHUIO MVHTEFPAJIbHbIX YPABHEHMA 


(Tpedcmaszeno axademuxom C. JI. Co6onesum 4 II 1954) 


B mpeaaaraemoh padoTe HaMH BBOJUTCA ONpeeeHUe OCIMAMpyIOUNx 
@yHKUMH wu WaeTCA pusoxXenHHe OCUMAIMpyiouMx yHKuui kK npHoOmu- 
2XKCHHOMY PeIWICHHIO JMHCHHbIX UHTerpaJbHBIX YypaBHeHHH, Mpuyem pu 
HeEOOJbIIOM uNCIe oNnepalul nomyuaercd xopomee mnpHOmmxeHHe K 
pelleHuio. 

Onpenenaeuus. a) PyHKunw f(p), onpemeneHHy10 u CyMMupyeMyI0 
BMeCTe CO CBOHM KBafpaTOM B OOMaCTH ©, Ha30BeM OCIIMAIUupyoulen 
yHkKuMel, ecIH Wd HEKOTOPOH pa3s0uBKU OOMacTH © Ha HelepeKpbIBalo- 


mueca yacTw o; ({=1,2,...,m) Oyaem umeTb \ Kip)do,=0) nin t= 
P oj 

=1,2,...,n. Ocuuanupywmy dyxKuuiwo f(p) O6ynem xapaKTepu30BaTb 

Napametpamu d u M, rae d@—uxanOorpmmi us uamerpoB oOsactelkt 


1 
Pate a1 2, 5), 2M VV weal P)dey. Ecau jana ocluasmpy- 


jollad dyHKuuA c Mapamerpamu d u M, TO 3TO OyeM 3aNUCbIBaTb TAK: 


F (p)€ O(a, M). ; : 
6) PyuKuniw f(p) 6yZem HasbIBaTb CYMMOH OCUMAIMpyiomMMx dyHKunH, 


ecau f(p)= d\ f(r), rye Maa Bcex uHAeKcosB k umeem fr(p)€ O(dr, Mz) 
k=t 


co 


u pa >») d, M, cxonurca. CyMmMy ociuaaupyiomux dyuKuni Oyem xa- 


k=1 he 


ean 
pakrepu30BaTb mapamerpom M, rae M= Dida Me <y/ Da NG 
k=1 

6y eM CoKpalleHHO 3anucplBaTp Tak: f(p)€ Lo(M). & 

B) Ham, Hapaay c MHTerpadbHbIM ypaBHenuem™ (1) c HempepbIBHEIM 
anpom Rk(p, q): 

u(p)—F(p)—\ kp. 9)4(9) deg = 0, (1 

re h = 1—nwexapakTepucTu4uecKoe 4HCAO, NpueTca paccmMaTpuBaTh ,O1M3- 
Koe“ K HeMy MHTerpadbHoe ypaBHenne (2): 


Ee etn ae) do, — 0, (2) 


@ 


KOTOpoe OyeM HasbIBaTb , YCCYCHHEIM™. 
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Hopmpl, ecm He OyfeT oropopeHo npoTuBHoe, OyAeM ONpeAeAATb B 
mpoctpanctse Ls. Byem o603HayaTb HOpMy OOpaTHorO OnepaTopa AAA 
ypapHenua (1) uepes || k2\|, a aan ypapHenua (2) yepes || k7*]]. 

Tlono2xnB 


Ff (p)—fn(p) = en(P); 2 (0,9) — kalp, 1) = ralP, Qs 
Uin(p)— f (Pp) — \ R(p, 9) Un(q) dog = — tes rn (Ps 7) Un(G) dog = Yn(p), 


HeENOCPeACTBEHHO TOwlyuaemM OWeHKU: 
Il ¥a(P) I< |] ea (Pp) I + I rae, 2) IN Rat IM Fa) IL 
I| (2) — 4n(P) || < |] bap) [I | 2-4 I. 


Uszecrtuo (4), uro ecu || ra(p, 4) ji] 272 || <1 mam || ra (p, 2) I] RI, 
TO M3 paspelluMocTH ypaBHenua (1) caenyeT paspeuiMMocTh ypaBHeHHA 
(2) u Hao6opoT, a TaK2Ke HMCIOT M€CTO COOTHOIMeHHA 


(3) 


ie Weer 
—___—*______,_ ||k1||> : 


z : 4 
10 Wea @) 


RA I< 


Teopema. Ecau 6 unme2eparbHom ypaésHenuu (1) mynKYyUA 
f(p)€ O(d, M)u 3a npubsusncennoe pewenue (1) npuname dynkyun f(p), 
mo oueHnKa noepeulnocmu onpederasemcaA PopmMyAamu 


i1(P)—F(—)|<|i |] 2(P.d)M meso, (5) 
|u(p)—F)|<[1 + (V4 (p,9) don)" 8 Je(pdMmeso, (6) 


20e || k-1||,-—nopma oOpamnozo onepamopa 6 mempuKke Yebviwesa, 
a e(p,d) onpedensemca ycrosuem nenpepoienocmu sOpa R(p,q), m. e. 
KAK MOAbKO (G1, J2)<d, mo |k(p, 91) — (Pp, F2)| << e(p, a). 

JleHcTBUTeIbHO, BbIOPaB B OOMACTH ©; TOUKY gi MIA i= 1,2,...,n u 
BOCHOJb30BaBIIMCh CHaYaa HepaBeHcTBOM ByuakoscKoro, a 3atem Kom, 
OyeM uMeTb 


ecpenyiayaar 


a) 


n 


> [k(p, —R (ps Gi) F(Q) dog] < 


i=1 i 
<<e(p,d)M meso. (6) 


Tenepb, momoxuB B ypaBHenun (1) “(p)=v(p)4+f(p), aaa v(p) 
NOTYYMM WHTerpadbHoe ypaBHeHue 


v(p)— \ R(p, Qf (q)doq — \ k(p,9)v(q)doq = 0. (7) 


H3 (6) u (7) nenocpexctBenuo caenyer (5) u (5’). 


Caeacrsue. Ecau sdpo k(p,q) yOosrzemsopsem ycaosun JIun- 
wuya 


1k (Pp, 91) — R(p, 92)| < Ap (G1, 92); 


a pynxyus f(p)€%o(M), mo nepasencmea (5) u (5') nepexodam 6 ne- 
pasexncmea 


|a(p)—f(p)|< || k-+ ||, AM meso, (8) 


1u(p)— (P| < [1+ (ee(p,a)doq) ‘lj e2]] JAM meso, (8) 
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Sameuaunue 1. Teopema u culegcTeue aerKo o606maloTcs Ha CHCTeMBI 
MHTerpaJbHbIX ypaBHeHuHli. 


IIpuaoxenue. Bygem uckath npuOamxeHHoe pemenue unrerpaap- 
n 


HOrO ypaBHeHus (1) B opme AnHeHHO KoMOuHauMH Un(p) = Sa 0;(p) us 
oo J 3 eee 
@yuKkuni {6:(p)} nexoropoli noanof opronopmupopaHHolt cucTeMb. IIpu 


MOMCTAHOBKe Un(p) B (1) NoryunM va(p, ay, a2,..., An). Koadcbunuentst 

a; (¢=1,2,...,) MoxHO onpeyxenuTh pasnMuHbIMA cnocobamu. Moxxo 

moTpedosatTb uTo6n: 1) $b?(p, a), as,...,an)dop =min — meron Purna; 
Q@ 


Bre. +5 4n)9i(p) doy =0 (€=1,2,...,2) — meron Tanepxuna; 


@ 


| 3) Un(Pi, a%,...,%2) =O—Mmeron Kantoposnua (rae p; (i= 1,2,...,n)— 


BbIOPpaHHble TOUKH M3 OOMACTH ©); 4) ”n(P, Ay, As,...,An) 6 O(d, M)— meron 
OcuMAIMpyiomux dyxKunH. 
IIpu pemenuu ypapyesua (1) merogom TanepKuna onpemenenne 


Kosuuuentos a; ({=1,2,...,) paBHocumbHO peulenuio ,yceyeHHoro ‘ 
ypaBHeuua (*) 
n n 
tin(p) = Ds an64(p) +) Di Gu (4) up) tala) doo, (9) 
eS | k=I1 


THe o, = \ F(p) oe (p) dep, Bx (9) = \2(p;9)%(p) doy (k= 1,2,...,7). 
OneukKa norpemiHocTu faeTca HepaBeHcTBamuH (3) u (4). Nowyuennpre 
Waa Merona TaltepkuHa OWeHKH He MOTYT OBITb YJIYYMIeHbI H DA MeTORAa 
Putua, Tak Kak JIA HEKOTOPHIX ALep Upu cneuvarIbHOM NOMOope opTo- 
HOPMHMpOBaHHOH CUuCTeMbI MeTOA Puta copmagqaeT c MeTogom TasepKuna. 
PaccmoTpuM Telepb cayual, Korga 3a cucTtemy dyuKynu {0;(p)} upu- 
HATH TpuronomeTpuyeckue syHKuuu {coskx,sinkx} (k=0,1,2,...), a 
MHTe€rpasIbHoe ypaBHeHHe 
+7 
w(x) —f(x)— | k(x, t)a(t)adt =0 (10) 


Cori 


MMeeCT APO, yHOBJeTBOpsIoMlee ycuoBu1O Jlunimuya: 
WGK, Pi eR Ck, ts)|< A(x) |t, — fz |. 


ByeM cTpouTh UpwOMxeHHOe pemleHve U,(x) merogom TasepxKuna, 
[oe) 


 porga PyHKMWA bp (X, ay, A,..., An) = >) (a, cos RX + By sin Rx) € Xo (M), 


k=n-+1 


ree A 
rae M<I|90(0) | Vy Sip; vono2Kus n(x) = a(x) —Ya(x), 38 
k=n+1 
}u(x)—Vn(x)| umeem onenxy (8’), KoTOpad 3Ha4HTeAbHO yume, 4eM 
oueuKa Aaa |2(x)— un(x)|. 
TIpaxruueckuli nuTepec mpencraBiseT npHOAMKeHHOe pemteHue ypaB- 
Henna (10) np nNoMomIM cheuMatbHOH OpTOrOHabHOH CucTeMb! PyHKuUMH, 
@ MMeHHO: cerMeHT [—7, 7] pa300beM Ha 4aCTH TOUKaMH ia 


Ba Xn <.-. < Xp =F Ue TONOKAM: 
1, ecm X npuMnagqwexuT cermeHTy [%j, Xi4i]; 


ul =|{,) eclu X He IpMHagqmexuT cermeuty [%i, Xi41] 


= 0159 5 11): 
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Tlpu6amxenHoe pemrenne ypBHeHua (10) Oyaem ucKaTb B qopme 
n : 


Un(X) = >; Gn 9x(x); Kosb*unHenTHl a, (k = 1,2,...,2) Oy nem onpenerATD 
k=1 
mo Metozy TamepKuna; Aaa qaHHoli cucrembl cbyHKunii MeTtog TamepKu- 
Ha copnajaer C MeTOAOM ocuMIMpyiomux pyHKuni. YaoOcTBo BHlOpaH- 
HOli CHCTeMBI (YHKUMH 3akKIOUaeTCA B AeEFKOCTH OMpeeeHuA OWeHOK 
MAA On(X) uM ra(X,t) Pyukuna n(x) He MpeBocxouT HaMOObUIerO U3 
KoNeOaHul dyuKumu f(x) Ha cermenTax [xi,X%i4,] (2 =0,1,2,... 
...,4—1), ananormuHo u fFpa(x,t). Kpome toro %na(x)€O(d,M), 


rhe d = max |Xi41— X:|, a M ouenupaetca corsacuo (38). 
(i=0,1,-..,N—1) 
Cnemyer OTMeTHTb, TO pH TpHOmM2xKeHHOM pelleHHu 3aaHHOrO 


MHTerpasbHOTO ypaBHeHua MeTOZOM TanepKuHa C 3aaHHOH TOUHOCTHIO 
CYU[ECTBEHHbIM ABJAeTCH HE MOMHOTA CHCTEMBI, 2 BO3MOMKHOCTH IPH Mo- 
MOWM BbIOpaHHbIX (byHKWMH MOCTaTOUHO XOPOMWO aNNpOKHMCHMUMPOBAaTh B 
metpuke Ue6Opnmmesa uM B CpeqHem apo k(p,g) u dyuKunio f(p). Iro 
YTBepx#xKeHHe HENOCpeACTBCHHO BBITeKaeT u3 paCCMOTPeHHA ypaBHeHUH 
(1) u (9) u omeHoK (3), H STHM NOMOKeHHEM MBI BOCHOb3OBaIHCb B NO- 
caeqHeM IpHMepe. 

3ameuanHne 2. Jina Toro uToOObl NpHOmMxXeHHOe PelleHue ypaBHe- 
Hua (10) Mox#xHO ObIIO NOCTPOHTb MeTOZOM OCHMAIMpyIouuX PyHKunH, 
eCIM JaHa HeKOTOPad OPTOHOPpMupoBaHHad cucTemMa dyuKuul {6;(x)}, 
mocrarouno, uToOnt dyuKuuio f(x) u agpo R(x,t) Moo#xHO ObIN0 ocTa- 
TOUHO XOPOMO aNpOKCuMupoBaTb B cpeqHemM (pyHKUMAMM CHCTEMbI 
{6;(x)}, Tak 4TOOKI BHINOJHAIMCh yCIOBMA 


Witt 


Lye — >) oO 09) dx =0, 


xj 


\ [eos aon (9 |dx=0 (G=0;1,... 22 "Oe 


Py h=1 


TOra ONpewenenne KOIPPUUMeHTOB QA; PaABHOCHAbHO pelleHuIO yCceueH- 
HOrO ypaBHeHHA 


n +m n 
ta(x)— >) 4 (x) — \ S18; (£) 0; (x) un(t)dt = 0, (12) 
i==1 forse 
a OWeHKa NorpemHocTH OyzeT nana dopmyviamu (3) u (5). 
Mosorosckuh rocynapcTBeHHbl [loctynuso 
YHUBepcuTeT 24 IX 1953 


um. A. M. Toppxoro 


UMTHPOBAHHASA JIMTEPATYPA 


JI. B. Kantoposuyu, Ycn. matem. Hayx, 3, 6 (28), 110 (4948) lee Bs 
Ka Bie popuy, B. MW. Kppiasos, Ilpw6auxennpie metonb BbICculero aHamu3a. 1940 
cTp. 165. ' 


VToruage Akagemuug Hayr CCCP 
1954, Tom XCV, Ni 4 


MATEMATHKA 


JI, A. HEAWY JEP 


YPABHEHHSA C YETDIPbMA PAS bEQMVHSIOLMMUCH MEPEMEHHbIMU 
M ONTHMAJIBHOE JBYXYIEHHOE TABYJIAPOBAHWE UX 


(IIpedcmaszeno axademuxom C. JI, Co6onesoim 4 IT 1954) 


Typca (*) mam HeoOxonuMoe u OcTaTO“HOe ycaOBUue pasbe HHAMOCTH 
Ne€peMCHHBIX B YPaBHeHHH C YeTLIPbMA DepeMeHHbIMU 


F(X1, Xo, Xs, Xq) = 0, (1) 


T, €. ycuoBue TOrO, 4TO ypaBHeHue (1) paBHOCMAbHO HeKOTOpOMy ypaB- 
HeHHIO Bua fy (Xi, Xj) = fo(Xp, Xg), B BUME paBeHCTBAa: 
of Dif, of / 0x,) af D(f, Of / 0x,) * A 
oe Dewan. 0, eee i 
3mecb KaK MH B JlaibHeHmem 7, /, p, 9 —Kakaxn-HHOyAb mepecTaHOBKa 
nuHzeKcos 1, 2, 3, 4. 

OHako 9TO ycoBNe He faeT yKa3aHHA, KaK B Cayyae ero yOBJe- 
TBOPCHHA OCYLIECTBHTb BO3MOXKHOe pasbeMHeHHe TepeMeHHbIX. IloKa- 
KEM, UTO HEOOXOMHMOE HU MOCTATOUHOR YCJOBHe MOMHKHO 3amvcaTb B OO- 
mee IpOCTOM Buse WM YKaxKeM OCHOBAHHHIM Ha 3TOM ycaoBMu cnoCcoé 
pasbe HHeCHHA NepeMeHHEIX B ypaBHeuun (1). 

J[1A pasbeAMHeHuA NeEPpeCMCHHBIX B ypaBHCHHH C UYeTHIPbMA TepeMeH- 
HbIMH (1) HeEOOXOAUMO M AOcTaTOUHO, YTOOHI AAA cuctem (X,, Xz, X3, Xa), 
JAA KOTOPHIX BbIMOTHAeTCA (1), uMeO MecTO 


Offs eS 
OX, OX; =A Ca A), (B) 


roe A(x, xj) — PYHKUMA AMWIb ABYX apryMeHTOB % UM Xj. 
Tlepenumem ypapuHeuue (1) B dopme 
o(%, Xj, Xp, z)=0, (2) 
T. @. OOO3HAUMM Xq YePe3 Z, M, COOTBETCTBEHHO, PaBHOCHJIbHOe eMy yPpaB- 
HeHve a(Xj, Xj) =B (Xp, Xq) B PopMme 
v(x, <3) = 1p 2) (3) 
u Oyzem B (2) u (3) paccmaTpuBaTb Z Kak dyHKUMIO TpexX MepeMeHHBIX 


Xi; Xj; Xp- 
Pemus (3) OTHOCHTeIbHO Z, Oy eM MMeTb 


Z(Xi, Xj, Xp) = 1[Y (Xi, 45) Xp]. (4) 
H3 (4) umeem: 
oz Oz 
ig ae e (5) 


ov ov 


rye Deane iar Ox, * 
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Ilponuddepennuposas (2) no x; HW Xj, HMCeM 


0@ 0p Oz : 
Ox; Oz Ox; =0; (6) 


era) Op Oz 
oa, + Of Ox, — (7) 


Buta mpouspemenua (7) Ha oa, (a, TO xe, 4TO M B (5)) us (6), NO- 
Jy uuM 
i 5 as abate aCe @ 
i i j 


V3 (5) u (8) caenyer 


8s oe 0 ; 
Ox; co Ox,” WJM Ose > One => Osan PO © 


Bosppallaich K NepBOHavaIbHOMY OOO3HAYCHHIO, NOMYYMM, TO 
of of 


—— is =u, 
Ox; Ox; 


re %—HeKOTOPaA *YHKUMA AByX NepeMCHHEIX X; u Xj, OTKYa ouy- 
yaemM ycaoBue (b). 
Tloxaxem, uTro ycaopue (Bb) 9KBuBaeHTHO ycoBuio (A). 
Jluppepenuupys (6) u (7) no xp, noyuuM 


Oo Pp Oz 00 0z Op Oz Oz OD: 0"e Same 0 
0x; OX, Ox; 0Z OX, 0z OX, Ox; 02? OX; OX, Oz Ox; OX ae 
00 09 ~=—- 02 Oo 0z Op Oz Oz 0p =0Pz 


-+- Se a SSeS aaa 4 Uh 
Ox 0% p 0x,02z OX, Oz Ox, Ox; Oz? Ox; OX py 0z OX ;0Xp 


YMHOXKUM NepBoe paBeHCTBO Ha OZ/Ox;, a BTOpoe Ha Oz/Ox;. Tak Kak 
TPCTbH M YeTBEPTHIe WIeHbI (CeBa HalipaBoO) NOAYYeHHEIX TaKUM OOpa30M 
PaBCHCTB OKAXKYTCH PaBHbIMH, TO, BLIUMTad M3 Ne€PBOTO BTOPoOe, MOyUMM: 


Oo 7 0z (zo) Oz Oz Op oz Cy Of 
OX, 0%) OX; OX;02 OX; OX, OX;0Xp_ OX,  — OXj0X_p OXy 
Oo Oz 0z Oz Oz 0 
+ Gz OX,0X, OX;  — OXj0X, Ox, ~~" 
Oz 09 O09 
3aMeHHB B Oy 4eHHOM (KpoMe nloc.1e ane CKOOKH) dx, YPES — ox, * Oz 
0z 0 0 
uz (6) u >, vepes — et u3 (7) H BO3Bpamadch NOcae COOTBeT- 
j j 


CTBYIOMWMX MpeoOpasopanHii K OOO3HAYeHHAM, IIPHHATHIM MAA ypaBHeHUus 
(1), MoxeM HamMcaTb 
of = Or OO ) of ce of Ne met 


OX, OX; OX;0Xp i OX; OX,0Xp 0x, Ox; OX 0X, card Ox; azaz,) + 


of \3 Oz 022 Oz O2z 
Bg ( OX, ) ae Ox,0X, Ox, bodes) ==} (9) 


Ho Bbipaxenve, OOpas0BaHHoe MepBEIMH JBYMA YIeHaMU NOAy4YeHHOrO 
paBeucTBa (9), H ecTb meBaa uacTb (A). 
Takum o6pasom, ecam ycaospne ypca BhInOHAeTCH, TO MMCCT MECTO 


(-2 3/ Oz 02z Oz Oz 
Woz Ge Ox;0X, OX; OX;0X, ) ly, 
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WJM, Tak Kak, 


of 
Fre 
TO uw 
Oz 02z Oz O2z 0 
Ox; Ox; 0X, Ox; 0x ;0X, Bree 


HH, UTO TO Ke, 

(0) Oz , Oe 

OX, (az ; ae) oO 
OTKyYa umMeem 


0z 0z 
ihe me ey a 


re 4— HeKOTOPad PYHKUMA DBYX TWepeCMeHHBIX X; H Xj, a OTCIONAa U U3 
(6) u (7) uw caenyer ycaosue (B). 
Hs Bpipaxenna (9) nonyuaetca HM OOpaTHEI nepexoy or ycaosua (Bb) 
& 0 0 
K ycaosuio (A). lelicrsuTeabHo, u3 (8) caemyeT, YTO ecaM 9,- : 9,7 38° 
L 


my 
Oz Oz 
BUCHT TOJbKO OT Xj; H Xj, TOH 9 : Gy, TaKKe 3aBHCHT TOAbKO OT Xj 
i 4g) 


H Xj. 


Oz Oz (ke OR OZmnO2 
Ox; ; l= Ox; 0X,0X, PES 0x j0X, =", 
a oTcioma Hu u3 (9) caemyer (A). 

Ilepeizem Tenepb kK cnocoOy pa3sbeqMHeHuA TePeMeHHHIX B ypaBHe- 
Hun (1). Ecan ycaosue (B) BbInomHaeTCA, TO, B CHJIyY 3KBHBaJeHTHOCTH 
ycuopui (B) u (A), cymectByeT ypaBHeHne 


M1 (Xi, Xj) = No (Xp, Xa); 


paBHOCuIbHOe ypaBHeHutio (1). AHanoruuHO TOMY KaK MBI Nowyunau He- 


C 0 
JI€ LOBATeJIbHO, Ox, 


| OOxXOMuMMOCTb ycuoBuA (B), MbI MOXKeEM TOMYYHTh HEOOXOMMMOCTb H yC- 


 «JIOBUA 
of of 
Loe Oren = B(Xp, Xz). (B,) 


Tlompsyacb xxe (B) u (B,), mMomxHO faa yuKunn f (Xj, X., X3, X4) 
IOCTpOHTb mpeACTaBseHue 
Flo (xi, Xj), 92(X%p, Xa)I, (10) 
IPHHAB 3a 9, (Xi, Xj) KaKOM-HuOyab HHTerpat OObIKHOBeHHOrO sAUudde- 
PeHI[HaIbHOTO ypaBHeHHA 
A (xi, xj) dx; + dx; =—0, 


a 38 (Xp, X 7) — KaKOl-HHOyb MHTerpal ypaBHeHuA 
B (Xp; a) aAXp 4- aX¢q —— 0. 


Ecan xe byuKuua f (x1, Xo, X3, X4) MonmycKaer upenctapsenue (10), 
TO, 3AMe€HHB ypaBHenne (1) paBHOCHJIbHbIM eMy ypaBHeHHeM Bua 


F [9 (Xi, X71 92 (Xp, Xq) | =0 (11) 


vw pemasa (11) oTHocnTebHO 9, (Xi, Xj), MbI HM NOy4uM TpeOyemoe pasbeH- 
H€HHe B BUe 0, (Xi, Xj) = 01 (Xp, Xq)- 

Jlerko yOequtsca, uTo ycuopusa (B) u (B,) HeoOxonuMb! UM MOCTaTOUHP! 
JIA CYUIECTBOBaHHA y *YHKUMH VeTHIPeX MeCPeMeHHBIX = f (x1, Xa, Xg, Xa) 
‘pexusenuoro mpemctaprenua f3[ fy (Xi, Xj), fo (Xp, *a)I- 
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CueqopatebHO, ycuoBuio ZByXusenHoro (7) pasbeqMHeHHA MepemMeH- 
HBIX B YPpaBHeHHH C YeTHIPbMA WepeMeHHBIMH (1) MO2XKHO elle MaTb Hu TAa- 
Ky!I0 (OpMy.IMpoOBKy: 

Jiaa Toro uToOpl ypaBHeHue (1) RomycKalo ABYXUMeHHOe pasbeHHe- 
HH Il€PeMeHHBIX, OCTATOUHO H HeOOXOAMMO CyMeCcTBOBaHHe y PyHKUHH 
Ff (x1, Xe, Xg3, X4) TPEX4MCHHOFO IpeAcTaBJeHHA. 

TakHM OOpa30M, BONMpoc O ABYXUAICHHOM pasbeHHeEHHH MWepeMeHHbIX 
B ypaBHenuu (1) cBOgquTCA K BoMpocy O cyulecTBOBaHHH y dyHKUHH 
YeTHIPeX MepeMeHHBIX f (x1, X, Xg3, %4), CTOAMeEH B MeEBOH 4YacTH ypaBHe- 
Hua (1), TpexumeHHOrO mpeAcTaBJeHHA. 

Bpmounenve ycroBua (Bb), Kak ObI10 yKa3aHO BbIMe, NOSBOAeT OCy- 
I€CTBHTb B ypaBHeHHH (1) pasbeqHHeHHe Nepe€MeHHEIX, T. €. 3aMCHHTb 
ero PaBHOCHJIbHbIM eMy YpaBHeHHeM 


Xq = be [91 (Xi, Xj), Xp]. (12) 


B paoore (*) MbI yKa3aqH Ha wBe (OMHY ABYXMepHy!IO H OHY Tpex- 
MepHYI0) ZBYXUIeHHbIe TAOMMUHBIE KOHCTPYKUHH aad yHKUMH Tpex mne- 
PCMCHHBIX, MONYCKalOUMX ABYX4eHHOe MpeACTaBAeHHe, KOTOpbIe OOWa- 
aioT CBOHCTBOM OOpaTHMOCTH H, CAeMOBATEAbHO, NOSBOJAIOT pellaTb CO- 
OTBETCTBYIOMNMe YpaBHeCHHA C UeETbIPbMA MeEPCMCHHBIMH OTHOCHTEJbHO | 
m1060r0 43 Ne€peMEHHBIX. | 

Teopema 06 OWHO3HauHOCTH N—1-4NeHHEIX UpeacTaBlenuh DyHKWHH 
nm TepeMeHHbIX (°) BMeCTe C H302#KCHHbIM, OYEBHAHO, MO3BOAeT CTporo 
pemlaTb 3amayy 06 ONTHMAIbHOM BYXYICHHOM TaOyJHpOBaHHH ypaBHe- 
HH C UeTHIPbMA TepeMeHHbIMH. M3n02%xeHHOe, ONCBHAHO, MOXKET OBITS 
HCHOJb30BaHO IPH NOCTPOeCHHH COCTaBHbIX HOMOrpaMM. 


Toctynuao 
23 XI 1953 


UMTHPOBAHHASA JIMTEPATYPA 
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Hornayo Akanemun Hayr CCCP 
1954. Tom XCV, Ni 4 


MATEMATHKA 


MW. HW. OTHEBELKHK 


O CYMMUPOBAHHH JIBOMHbIX PSJLOB 


(IIpedcmasaeno axademuxom A. H. Koamozoposum 5 II 1954) 


B nacToslel 3aMeTke yCTaHaBAMBalOTCA HEKOTOpbIe TeOpeMbI O CyM- 

MHPOBaHHH BOHHBIX pxXoB. Mcnowbsyemble HHKe ONpeLeTeHHA Ye3apoB- 
ckOH H aOeeBCKOH CYMMAapHOCTH JLBOHHBIX PpAAOB HM MeJeHHOrO KONeba- 
HHA JBOHHOH NOCJICLOBaTeIbHOCTH H3BeCTHbI (CM., HampuHmMep, (1, 4)). 

Teopema 1. Ecau nocredosamersrocmd Smn CyMumupyemca memo- 
foom (C,a+n,8+), (4,8) >—1, (1,6) >0, K s u nocnaedosamervHocms 
jon, OepanureHa, mo nNOcAeOObAMEASHOCMD omy cyMmMupyemcah memodom 
KC, 7,6), (2,8) >0, kK s. 

) Teopema 2. Ecau nocaedosameasnocms 38% , (2,8) >—1, ozpa- 
HUYeHA U CymMmMupyemcsa memodom (C,n,4), (n,6)>0, K s, mo nocaedo- 
BAMEALKOCMS Smn CYMMupyemcx memodom (C,a+n,B+6) K s. 

YcTaHOBJeHHble B Teopemax | MH 2 COOTHOMICHHA @HaNOrH4HbI H3BecT- 
HOMY Mpew0xeHHIO, uTo cooTHomenun C\?(C(A))> A, CE?(A) SA 
|paBHOCHJIbHbI (7). 

Teopema 3. Ecau nocredosameroxocme eect (a,8)>>—1, ozpa- 
HULeHA, MO NocrzedosameAsHocmo ar". Ye, (n,6) >0, medeHHO KONeO- 
emcs. 

Teopema 4, Ecau dsoitHoit p10 Lay cymmupyemca memodom Aders 
kK S UW NOCACOObAMEALHKHOCMS €20 4e3APOBCKUX CpeOHUX Bar (a, 8) >—1, 
O2paHuxeHa u MeONeEHKHO KONCOAEMcCA, MO Lay cyMmUpyemcA Memodom 
[C, «,8) Ks. 
| laa cayyaa a =8 =O 97a Teopema comepxKuTcaA B ('). 

_ H3 teopem 3 u 4 BbiTeKaeT 

 Teopema 5. Ecau dsoitnoit prd Say, oepanuren (C, 2,5), (2,8) >—], 
ucymuupyemcst memodom AOeAL KS, MO OH CYMMUpyemcA (C,a+n,8+0), 
(n,5)>0, K momy sce 3HaLeHUD. 

TlocueqHee mpenaoxenne o6oOmaeT Teopemy Anysepcena (*) Ha DBoit- 
HbIe PpAbl; MPpHMeHeHHaA 3/eCb CxXeMa AOKa3aTeIbCTBa MpHO%#KHMAa Hi 
B clyuyae MpOCcThIX pAOB H JaeT HOBbIM BapHaHT Ce BbIBO/A. 

HetpyHO BUeETb, UTO H3 TEOPeMBI O BEITeKAeT CIeMyIoulee CC ACTBHE. 

Cuenactspne. Ann deolixnx psd0b, oepanuuennolx (C,2,§), 
a,8)->— 1, memodo cymmuposa tut (Cro Be) G8); uw Abenrs 
IK BUBANEHMHOL. 

Teopema 5 H ee caeAcTBHe OOOOMAaIOT CAeAyIoUMe pesybTATH: 

1. JAG Ob0tiHwlx pi006 C O2PAHULeHHULMU 4ACMHOLMU CYMMAMU Me- 
mode cymmuposanus (C, 1,1) u Abers a9KGubaLeHMHOL (cm. (1), Teopema 7). 

9. Ilycme (2,8) >—1, (a, 8) >(2, 8). Ecau dsotnoit ps0 o2panurer 
C,2,8) u cymmupyem (C,a’,B'), mo OK cymmupyem (C,a-+n, B+), 
n,s)>0, K momy sce sHaxeKuO (CM. (4), Teopema 4). 


2 JIAH, T. 95, Ne 4 


\ 


Jlemma 1. Ecau nocaedosamenviocms ttt +1, (4,8) >—1, oepa- 
HuueHa, lim o%tl0tl = s, mo nBeNcOoeUmne honors oH A cCYMMUpyemcs | 


(m, n)—>o | 
MEMOOOM CpeOHEApummMeMULECKUX K S. | 
TaK Kak | 
1 AStl gti G1) 
8 Au (AC ee 
on n m7 AX AB ’ 

m n 


BLE Assim, if a ee n — fm, n—Jm, n+1 + fro+1, n+1, TO | 


M—1, N—1 AG Abtt | 
t s Bie Ws ats nS ere eieken YR OM ae Be 
MN m,n MN m+1)(t#+ 1) 44 Ae m, n 
m=1, n=1 m=, n=l ( ( m+1 n+1 

6+1 M—1 a+] a+1 N—1 Acti | 

a Eo AN >| SCRE Am gat, +1 +7 ralils LEY : o%t1, B+1 +. | 

MN A® tors (me) AY NA — (n + 1) A | 

1 ase en | 

ott1, B+ 

MN Ae AS, om, ie 0 Gi); 

ati BH At ~ nae 

M3 empl | (u3 (*), cTp..575), OrpaHHYCHHOCTH op u Asp=rest) -| 


en 
‘ me a 
‘tts, MN > ce aes 
m=1, n=1 


CnenactBue. Ecru nocnredosamentsnocms o%*1.8*1  o2panuuena, 
lim chee = S$ l nocredosameAbnNocmb o% oe mMeONeHHO KONEOAeEMCH. 
(m, n)—>©o ’ > 


mo lim o%? =s. 
(m, n)—>co 


JleicTBUTebHO, M3 YCAOBMH CeAcTBUuA BbITeKaeT (cM. AeMMy 1) cxo-} 
MMMOCTh cCpefHeapwMetTuyeckoro nocaemoBaTedbHocTu 3%) Ks. He} 


cxomumocTuw xe (C,1,1)-cpenHero mocaemoBaTebHOCTH 3% ie, uw ee Med- 


J€HHOTO KONeOaHHA CuleayeT (cm. (*), crp. 586), uTO lim : 
(m, n)—> co nhs i 
JlokasaTeaAbcTBO TeopemMb 1. H3 ycnoBuh TeopembI BbITeKaet 
(cm. (*)), utTo lim o%tt rts, orcioga Ke, BCeACTBHe JeMMBI I, 
(m, n)—>©o 


cehyeT, uTo o% * cyMMMpyeTCH MeTOMOM CpeqHeapudMeTuyecKUX K s.. 


Euje pa3 lpuMeHsaa Teopemy u3 (*), nowyunuM, 4TO TSP ADI ASHI 
on CyMMupyeTca MeTOZOM (C,H,4) kK Ss. 


Bier eG ate Teopembl 2. JTIpumem n=6= 1. Tlonoxum 


k,l 
l : | 
lei = Ces ee Dinca ee bonna 
m=0, n=0 
ot B = AN in sb} ; 
a+2, B+1 1 8 
om, n == Aart aba St Aun ae gee —— 
M N ) 7=0; n—=0 
oak ial M1 
yar e8 Sat Abt a(N + 1) AR y ee 
ae a Cee 8-1 m 1 MIR ont. ota oe arn oe Ni 
Ay Aly EE SP ah Att Abt = mbm 
e N-1 


a 


B(M +1) ; At, AB, 
~ A AR y 2 An nénin + Gace geex Euw(M + 1)(N + 1). 
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2. a 
H3 emp | (us (*), crp. 575), orpanwuennoctu tn ¥ AL rey 
a 
enenyer lim o%ffth sg, 
(M, N)—> co , 
PaccmoTpum o6mnHi cayyai. M3 orpanuuennocru un CYMMUpyeMocTu 


MOCMeLOBaTeIbHOCTH 6%") MeTojom (C, 7,5) BpIreKaer (4) cyMMupyeMocTD 
NOCAeLOBaTe IbHOCTH oF F mMeTozom (C,1,1), a caeqoBaTe.bHO, u CYMMn- 
PYEMOCTH NOCMCHOBATEIbHOCTH Smn MeTOOM (C,a+1,8+1). Tax Kak 
NOCNEMOBATEIbHOCTbh Smn CYMMMPyeTcA MeTofom (C,a+1,8+1) k su 
uMeeT orpaHuuenuble (C, a, $)-cpequne, TO, elle pa3 MpuMeHAA Teopemy 
M3 (*), MOYYHM, UYTO NOCACAOBATEMBHOCTh Sma CYMMUpyeTCA MeTOROM 
(C,a+n,B+6) kK s. 

AokazsaTeabcTBoO Teopembl 3. OueBuyHo, MOXKHO MpHHATD, 
aro O< #-<_1,.0<8< 1.-Tar xax 


m, tl 
RoR BO atn ab+s \—1 fi—0 8-1 g 
San) (An An) ae ley tAnet Awa Analogs 
k=0,1=0 
TO 
a+n, B+8 atn, +8 See 
omtp, nt+g— Sm,n — 
iB Ani Ae / Attn abtd  yn-d 4d-t 
au > m+p—k“**n+q—l 1 m-+p n+q m—k n—l ASA’ 6” B 
Autn Abts Autn Abts An-1 Ae-1 R44] YR, 
k=0, [=0 mp“ n+q m n m+p—k n+q—l 
; ; m+p, n m, n+q m+p,n+g 
as » >) >) n—1 8-1 aa aB_a 8. 
er Attn 4brd ( Lo fd a m+p—k a+q—-lAk Aj Sp, 1 
m+ p n+q ‘k=m+1,l=o0 k=0, l=n+1 k=m-+1, l=n+1 


(1) 


[lokaxem, 4TO aa p = [m6,], g = [1%], (m, 2) > o, (01, 6.) 0 MOZyab 
K@KJOFO W3 CaaraeMbIX cTpeMuTCaA K HYyJio. JLaa NepBoro CjlaraeMOro 3 
(1) umeem 


m,n [m+6], [n+] [m6], n 

: ; 

) Dee) |e ea ee ci ele 

| k=0, 1=0 k=1, 150 h=0,l=[n0]-+1 

m, [n@] m,n 

| ~~ ) 

| sale ein wil dd3 } leet > Ck (2) 
; kh=[m6]-+1, l=0 k=[m0]+1, l=[n0] +1 

: 


> pal n—1\ Sail $—1 
Tax Kak 0<n<1, 0<8<1, To ornomenua An—k/ Amtp—n, An—t/ Antg—t 
BospacraiwT c poctom k u J. 


re O00 1, 


Tlostomy 
- +8 n—-l i 
5 1| om | 1 Ae A Anh Ae < 
k <a = +8 —1 5—l 
ee nt ee eye 
> 
, 8 — 6-1 an B+8 n—1 6-1 
Emax! |! Alen ACE, a i An i Amtp Anta Aim—{m0] An—[n0] 
s aE = Sar 2 n 6-+8 n—l 5-1 f 
. | ARAVA pe Aga Agr” AG Ant p—(mo1 Anda—tn0l 


(3) 


Hs (3) noayaum, 470 |o,|—>0 mpu (m,n) 00, (%1,%)—0, oTKyza uu 
cnemyeT, YTO TepBoe caraemoe B (2) CTpeMHTCA K HyI0 NpH (m, n)— 00, 
(1, 69) 0. 
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Jlaa Broporo cuaraemoro B (2), UCMOAb3ya CBOHCTBa Ye3apOBCKHX YH- | 

cel H HX ACHMMTOTHYeCKOe MpeACTaBJeHMe, MOY4HM 
[m0],n 
Dp CaO 
k=0, l=[n0]-+1 

aa (m,n) oo, (9;,5,) +0 wu anatormyHOe BbIpaxKeHHe JIA TpeTbero H | 
yeTBepToro Caaraemblx. Ilosromy pu 8, mocrarouHO O.1M3KOM Kk @MHULC, 
cyMMa Tp€X NOCAeCHHX CaraeMbIX OYAeET MPOU3BObHO Maia (°). Paccyxx- 
jad aHaNOrH4HO, HETpyAHO yOeAuTbCA, YTO pH (mM, N)—>ox, (41,5) >0. 
BTOPOe, TpeThe MH YeTBepToe CJlaraeMble B (1) cTpemaTCH kK HY JO. | 

TeopeMa oKa3biBanach Waa (2,8) >0. Daa apyrux coyeTaHui 3HaKOB 
2 wu 8 pacCyKAeCHHA MpOBOAATCA aHaMOrMyHo. 

Jina oKagaTeapcerBa TeopeMbl 4 HaM HEOOXOJMMBI CIE LYIOUMe JICMMBI. 

JlemMa 2. Ecau oad yrxkyuu f(x,y), uxmeepupyemoi 6 0O<(x%y)<1 
=x)" — yp)" fy), (8) 0, O2panneno ons, 0 (x,y) 

fim (l— x)= yp)" fay) =, mo 


(x, Vv) —1 


y 


Nia (Ql aie — yf (G2) (0) AY (a, oldu doe 


(x, Y) 1 0 ay 


OngHomepHpli cayyah cm. B (°%) JIBymMepHbli cayyal paccmaTpu- 
BaeTCA aHaJOrMyHo. 

Jlemma 3. Ecau nocnredosameAbHoemb Smn O2panuueHa, MeONeHHO 
KoNeONemcsh U Cymmupyemcsxh memodom AOersn K s, mo | 


lim Smn = S. 
(m, n) —>oo 


Bpitexaet u3 (1) (cm. crp. 580 u 586). | 


Woka3sateabceTBo teopembl 4. M3 cymmMupyemoctn pana Lap 
mMeTtonom AOeaa K S BbITeKaeT, YTO 


toe) 
: Z 8 »B+1 gat heal : 
lim (1 Se 1) iva — yy qh) seal > only ce Arae xy Aig 
(sy) 1 h=0,1=0 
NPWMeHAA JeMMy 2, NOMyYHM, 4TO 
foe) 
; »B+1 yh yl — 
lim (1—x)(1— y) »; oft Bri xhyl — sg, 
Cea ea k=0, 1=0 


M3 9Toro, OrpaHv4eHHOCTH HM MeAAeHHOrO KOMeOaHHA NOCAeLOBAaTeABHOCTH 
oft Ot (BcencTBHe Teopembl 3) NOMyYMM, ucHOmB3ya AeMMy 3, UTO 
lim Cees G+1 — >. , 
(k, 1) 00 
BeaeAcTBue MeAJe€HHOrO KOMeOaHHA M OrpaHMYeHHOCTH MocAemOBATeb- 
HOCTH of f oTcIOda (CM. CaeacTBHe JemmbI 1) nOayuum, uTo) = 6lim  o% 8 


= S$: 
(k, 1) —->co hy 
Teopema 4 BHauate Oblna NOKa3aHa Aa WeALIX o VM B. C. B. Creuxuu 


SaMETH JI, YTO TCOPEMY MOXKHO AOKA3aTb IA MIPOHSBOMbHbIX (4,8) > —1, ecu, 
COXpaHAA OOMLyIO CX€MY N€PBOHAYaTbHOFO MOKasaTeABCTBA, HOKA3ATb clpa- 
BCMIMBOCTh CELCTBHA AeMMBI 1. [loab3syiocb cayuaemM BbIPasHTh Owaro- 
mapuHoctb C. B. Creuxuny. 


J\HemponeTposcKuk rocymapcrBenupiit Tlocrynuao 
yHUBepcuTer 16 I 1954 
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MATEMATHKA 


tO. M. CMHPHOB 


O PA3MEPHOCTH IIPOCTPAHCTB BJIN30CTU 


(Tpedcmasaexno axadeamuxom IT. C. Anaexcandpossim 6 II 1954) 


Pa3Me€pHOCTb NpoOcTpaHcTB Oau30cTH*™ B NepBylO O4eperb ecTecTBeEHHO 
ONpeeHTb Tak %#Ke, Kak OUpeeAroT pasMepHocTb dim tTonomornyuecKux 
MpOCTpaHCTB, OCHOBAHHYI0 Ha KOHEYHbIX OTKPHITbIX NOKPHITHAX. 

Ha30BeM 0-pa3Me€pHOCcTb1 Od mpoctpanctTBa Oun30crH P HaumMeub- 
wee H3 BCX TaKHX IeJbIX Uncen >O, 4TO B wm060e KOHEeUHOe 6-nO- 
KpbITHe ** 6-mpoctpancTBa P MO#xXHO BHMCaTb KOHEUHOE O-NOKpbITHe Kpar- 
HocTH <nm-+1; eCaM TaKHX 4UNCe HM HET, TO NOMOKXUM OdP = oo. 

B usaqaraemoli Teopuu 6-pa3MepHOCTM OCHOBHOe 3HaueHMe UMeeT cule- 
yollee MpeAIOKXeHHve, NOSBONAIOMee KaK peAyrasblBaTb, Tak u OKa- 
3bIBaTh MHOrHe (akTbl STON TeOpHu, CBOJA UX K M3BeCTHBIM mpestoxKe- 
HHAM OOBINHOM TEOpHA pa3sMepHOcTH: 

Teopema l. 4-pa3mepxocms 6-npocmpancmea P cosnadaem c pa3- 
MeCPHOCMbIO C20 OUKOMNAKMHO20 (AOCOAIOMHO 3AMKHYMO2O) b-pacuupe- 
Hus uP: 6dP = dim uP. 

CpaBHUTeJAbHO JI€rKO MOJyuaIoTCA BaxKHbIe CeACTBUA: 

1. ZAs OukOMNaKMHOLX 6-npocmpancmé 46-pa3smepHOocmb cosnadaem 
Cc UX pasmMepHOcmoN. 

2. d-pa3smepHocmb sleAsemcsl UnsAapUaHMOM Npu 4-20MeOMOpOHOLX 
OmOOpanceHUsnx. 

3. Ecau ACP, mo dA <éaP. 

4. Ecau A naomno 6b P, mo 6dA = dP. 

5. Jaa Aw6020 KoHexHO20 4UuCcCAa AWOUX nodmHOHCecmB A; 46-nNpo- 
cmpaxucmea P ecezda 6d (\Jj Ai) = max 6d Aj. 

L 


H3 npwBeReHHbIX NpeAIOKeHHH BUMHO, YTO 6-pasMeEPHOCTh axe AAA 
CaMbIX ,XOpommMx“ 6-IpocTpaHcTB He COBNasaeT Cc TOMOMOrMYeCKOH UX 


pa3MepHOCTbIO: B3AB B #-MepHoM Ky6e Q” usu B ruabGepToBoM Napau- 
neaununene Q™” cuerHoe BCIOAy NAOTHOe MHOxeECcTBO A”, cooTB. A”, Haxo- 


LMM, UTO 6-pa3MePHOCTb MHOMKECTBA A”, coots. A®, paBHa mM WJM, COOTB., 
oo, B TO BDPeMH Kak TOMOJOrHYeCKad pa3MePpHOCTb Kaw Moro u3 HUX 
paBHa Hyu0. Bunkuo Take, YTO TeOpuxA o-pasMepHOCTM BO MHOFOM OT- 


* YcNOBMMCA BCIOMY Nasee mpocrpancTBa Ouu3ocTu (7,7) KpaTKO HasbIBaTb 98-mpo- 
CTpaHCTBaMH. 

** Tloxpbitue y S-lpoctpanctBa P Ha3biBaeTCA S-MOKpbITHEM, CCAM MIA MOOBIX ABYX 
61u3Kux MHoxectB A u B cymectsyer stement IT Gy, nepecekatomlica Kak c A, Tak 
uc B. Koneuwnoe NOKpbirue Y = {Vi, .-.,T),} spusercs S-OKpbITHeM TOra MH TOMbKO 
Tora, KOPa MOKHO WOOOpath Takve MHOMKECTBA A,€ TP, (QTO 3Ha4yNT, 4TO A, we 61n3- 
KO tke NOT) 7k, uro | A; 2 3((2)s GupeTo0o): 

igh 
HAE 


MUHA OT TEOPHH PasMePHOCTH, TaK YTO aHaOrMA, KOTOPaH Me2K Ly HAMM 
uMeeT MecTO, He ABAAeTCAH MOBEpXHOCTHOH. OWHMM H3 TaKHX CePbe3HbIX 
OTAMUN ABIAeTCH TO, UTO M3BECTHAA B TeOPHH pasMepHOCTH TeOpeMmMa 
CYMMBI Jlld CUeCTHOFO 4HCa CaraeMblX 3aMKHYTbIX MHOMKECTB, Kak M0- 
Ka3bIBaeT BbILeCMPHBEeHHbIA puMep, OyyyH cPOpMyMpoBaHHOH WA 
3-pa3MepHOCTH, CTaHOBHTCA HeEBePpHOH, B TO BpeMA KaK JIA KOHEUHOTO 
yncla ClaraeMbIX OHA BepHau 6e3 NpeswNoOx*KeHUA 3aMKHyTOCTH. Hao6o- | 
pot, TeOpHaA CyMeCTBEHHEIX oTOOpaxkeHui IT. C. Anexcanzposa (cm. (*), 
m. 4) pH HadiexalleM BUOMSMeHeHHU ONpeAeeCHHH B OCHOBHOM OCTaeTCA 
BepHOH UM [LIA 6-pasMepHOCTH. 

6-oToOpaxenue* f 8-npocrpanctBa P B OuKoMnaxT** © Ha3s0BemM 
a-oTOOpaxeHHEM, TE 4—Kakoe-HHOyXb 4S-MOKpbiTHe 6-lIpocrpan- 
ctpa P, ecau Lad Kaxoro x€@ mMoxHO HaliTH TakyIO OKpeCTHOCTb Ox, 
HOHE WpooOpas KOTOpOH pH oToOpaxennu f COep2xXKUTCA B HEKOTO- 
pOM 2eMeHTe NOKpbITuA @. Tak Kak BCHKOe HelpepbIBHOe OTOOpaxeHue 
ORHOTO OUKOMNAKTA B Apyrou ABAAeTCH 6-OTOOpaxKeHHEM, a BCHKOe OTKDBI- 
TOe KOHe4UHOe NOKPbITHe TOTO UAH WHOTO OMKOMMAKTa ABJIACTCA ero 
$-OKpbITHeM, TO B Cayyae OUKOMMAKTHOCTH NpoctTpancTBa P HOBOe ompe- 
menmeHuve -OTOOpaxeHHA COBNaaeT CO cTapbIM TONOMOrMYeCKUM ero 
ompemenennem. Hasopem anee oToOpaxeHue f mpocrpancTBa X B mpo- 
cTpanctso Y nu10THEIM, ecm OOpa3s npoctTpanctBa X pH 9sTOM OTOOpa- 
%WKeHUM ABIACTCA MIOTHBIM B Y MHOXKECTBOM. 

Teopema 2. d-pa3smepHocmd 6-npocmpaxcmea P ecmb HaumeHouee 
U3 6CEX MAKUX YeAblx “wucen n>O0, “mo AAA Ar1wb020 6-noKpumusz 
a npocmpartcmea P cywecmsyem (nAomHoe) o-omobpascexnue npocmpaxr- 
cmea P 6 HeKOmopolii n-mepHolit nNoAUIOP (OUKOMNAKM); ecAU 9Ce MAKNX 
YeAvnx 4ucenrn n Kem, mo dP = co, 

3ameTHM, 4TO, BOOOME TOBOPA, yCTPOHTb OTOOpaxeHue 6-IpOcTpaHcTBa 
6-pa3MepHOCTH f Ha N-MePHBI NOMHIApP Heb3A, KaK NOKa3sbiBaeT MmpumMep 
mi060ro c¥eTHOrO 6-TIpocTpaHCTBa MOOKUTCIbHOK 6-pasMepHOCTH. 

Teopema 38. 6-pa3mepxHocmb 46-npocmpaxncmea P ecmb naumenouee 
U3 BCEX YeEAWX 4UCeA N>O0, OAL KaHCd02Z0 U3 KOMOPHLX BbBCAKOe 6-OMoO- 
Opancenue 2106020 (3amKHymoz0) mHosxcecmsa ACP 6 n-mepHyI coepy 
MOHCKHO ApoOdOAHCUMd 6B 6-OMOOpaseHUe Ha bce P. 

Hakonen, Ha30Bem 6-oToOpaxenue f 6-mpoctpanctBa P B 3aMKHyTHIli 
map Q” cymecTBeHHHIM, ecru He CylmecTByeT HuKakKOTO 6-oTOOpa- 
*KeHHA g pocrpanctsa P sp rpanuny S”* mapa Q", cosnagaromero 
c oTO6paxenvem f Ha MuoxectBe f *(S"*). 

Teopema 4. 6-pa3mepHocms 5-npocmpatcméa P ecmb Haubonrsuee 
U3 BCEX YEALX 4UCeEA N>O, OAL KaHCd020 UZ KOMOPHLX UmMeeMCA cywWe- 
CMB6EHHOE OMOOPAaMCeHUe 6B N-MEPHLlit 3AaMKHYMobL wap. 

TlepBbIM wIaroM B M3YY4eHHU 46-pa3MepHOCTH MHOXKECTB, MeKAUIHX B eB- 
KIMJOBBIX MPOCTpaHCTBaXx, ABHMACh CTeMyrouan 

Teopema 5. Lxzs# mozo umobu mnoocecmso A n-mepiHoz0 ebKAudo6a 


npocmparcmsa E” umeno 5-pasmeprocmb n, HeOOXOOUMO U OOCmamoUHo, 
4MOObL CYUWECMBOBANO MaKOe NOAOMUMeAbHOe “UCAO TF, “MO OAK bCA- 
KO2O NOAOHCUMEALHOZO 4UCAA = MOXCHO OblAO Halimu wap paduyca r, 
8 KOMOpOM MHOXCecmBbO A cocmasbaAsem e-cemb. 

Bor yBa cleqcTBUuA 9TOM TeOpeMnEI: 


1. Bestkoe mHoxcecms6o, 20e-aun60 naomnoe 6 E", 6 4acmHocmnh, BcA- 
Koe omKpumoe 6 E” mxoocecmso, umeem d-pasmepHocmps nN. 


* OroOpaxenue ofKoro 8-npocTpaHcTBa B Apyroe HasbipaeTca 8-OTOOpaxeunem, 
CCIM OHO O/M3KHE MHOXKCCTBA NepeBorAT B OuM3Kue ((2), cTp. 543). 

** BeskuH OMKOMMAKT MOXKHO WpeBpaTuTb B 8-IpOCcTpaHcTBO BCero JMINb ONHM cHO- 
COGOM: HalO Ha3BaTb OJM3KUMH JMIb Te MHOKECTBA, SAMbIKAHHA KOTOPBIX TepeceKaloTcs. 
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2. Ozparuxennoe MHoxcecmso npocmpancmea E" mozda u moA’bko 

| mozda umeem 6-pa3mepHKocmd n, KO2da OHO 20e-Au60 NAOMHO Bb E". 
Jin HeOrpaHHYeHHEIX, XOTA Obl NaxKe 3AMKHYTHIX MHOXKECTB, nOcen- 

Hee yTBepxXeHwe y2Ke HEBeEPHO, Kak MNOKasbiBaeT CleLylouu puMep: 


i n 
BO3sbMeM B E” nocaemopaterbHoctTb Qi, Qs,..., Qj,... HeMepeceKaiommux- 


n . 
Ca nlonapHo mapos Qj paguyca 1. [laa kaxgoro j B mape Q% Bosbmem 
) Kakylo-HHOyzb e-ceTb S;, cocrosmy1w us kj > /j ToueKx. Torma MHoxKeCTBO 


, on 
S"=US; Oymer 3aMKHyTHIM CU¥eTHEIM Hurgke HE NAOTHEIM MHOXKEeCTBOM 
F ,; 


| 6-pasmepuHoctu n. M3 storo mpumepa BUANO, UTO 6-pa3sMepHOcTb Toro HAV 
| MHOTO MHOMKCCTBA 3aBHCHT OT TOTO, KaK OHO crymaeTcA pH yalenun 
B OecKoHeuHOcTb. JIIn uccCTeqOBaHHA sTOrO ObcTOATebCTBa. HasOBeM 
6-OKalMAeHHeM O-npocTpancTBa P BCHKyIO TAaKYIO KOHEYHYIO CHCTeMYy 
y ero MHomecTB I),...,0,, K KOTOpOH MOwKHO TaK NOLOOpaTh MHOKe- 
etpa A, CT,,...,Ax@Tx, uTo 3samprkanne (8 P) nonomHeHna Pr Wie: 
isk 
OuKomnakTHo. Ha3s0pem KpaeBOoli 6-pas3mMepHocThiw 0d mpocrpan- 
cTBa P HaHMeHbIee 43 TaKHX WeAbIX uncel m>>—1, uTO BO BCAKOe 
6-OKaliMaeHHe 6-mpocTpaHcTBa P moxHO BuMcaTb 5-oKaliMAeHHe KpaTHOCTH 


<n-+1; ecm #%e Takux 4HCeT NM HET, TO NOMOKUM 6d~P=0o. Oxaszbl- 
BaeTCA, BepHa 

Teopema 6. Kpaesax 46-pa3smepHocmb 6-npocmpaxcmsa P pasexa 
6-pasmepHocmu Kpast uP\P amoeo npocmpaxcmea: 6d~P=s8d (uP P). 

Hasopem Tenepb, caenya I]. C. AnexcanapoBy, oTHOCHUTeE ABHOR 
pasmMepuHocTbw* rd BnoawKe peryaapHoro npoctpanctBa R Han6omb- 
mee H3 BCe€X TaKHX WeAbIx uncel nm >O0, Aaa Kaw Doro us KOTOpHIxX BR 
uMeeTCA OHKOMMAKT pasMePHOCTH MN; eCAM #Ke HaHOOMbUIerO CpeH TaKUXx 
yMcel f# HeT, TO NOMOKUM rdR = oo. 


Teopema 7. 2a 2zw6oz20 5-npocmpaxcmea P umeem 
6dP = max {sd~P, rdP}. 


H310xXeHHbIe pe3YbTAaTbI NOSBOJAIOT BBECTH Haexalee OnpeeweHHe 
pa3MepHOCTH JIA BNOMHE PeLyJAPHbIX, HO HE HOPMAJbHBIX MPOCTPaHcTs, 
copnamaiomee Cc OObMHbIM OnpexeteHHeM B CyYae HOPMAJIbHbIX Mpo- 
¢cTpaHcTB** 

Ckaxkem, 4TO MHOmuecTBO A BHOMHE peryAApHoro mpoctpanctBa R 
PYHKWUHOHATBHO BAOXEHO BO MHORecTBO B Toro xe MpocTpaH- 
cTBa, ecw mMHomecTBa A u R\ B dyHKunovasbHO oTzesznMpl. Ha3z0Bem 
rTenlepb KOHe¥HOe NoKppltue y= {!,,...,1,} aroro mpocrpauctBa 0 p- 
Madbubim***, ecau B kaxnoe IT;€y mMoxwxHO Tak (YHKUHOHAIbHO BJO- 


2KUTb MHOKECTBO Aj, 4TO Bh A; = RF. 
~~ 
Hakoueu, pasmepHoctTpio dim sBnodne peryaApHoro mpocrpaHctBa R 
Ha30BeM HaHMeHbINee U3 BCeX TAKHX WeAbIX uNcen n>O, uTO B sm1000e 
HOPMAJbHOe MOKPbITHe STOTO MpOCTpaHCTBa MO%XKHO BMHCATbh HOPMAabHOe 
nokpbitue KpaTHoctu <n-+ 1. Jlerko BUMeTb, YTO AA HOPMAAbHbIX Mpo- 
CTpaHCTB Tak OlpeeveHHaA pa3sMepHOCTb COBMaaeT Cc OOLINHOH H 4TO 


dim R = dim BR. 


* OrnocuTerbHo BRR; cm. (?), crp. 26. 

** O6piyHoe MOHATHE pasMepHOCTH dim, MpH02xKeHHOe K TaKHM IIpOcTpaHCTBaM, CTpa- 
yaeT MHOrMMM HeEAOCTaTKaMM, OAHHM M3 KOTOPDIX ABACTCA XOTA Obl TOT (akT, YTO pas- 
mMepHocTb BR MOxKeT HE COBMagaTb C pasMePHOCTbIO CaMoro R. 

*** TIOHATHE HOPMAJbHOrO MOKPbITHA BBeMCHO elle B (*), CTP. 153. Tam 2xe (cM. TEO- 
pemy 1) MoKa3aHO, ¥TO BCAKOG OTKPbITOe HOPMAbHOe MOKpbITHe MOIKHO IpOOJDKUTb 
B OTKPbITOe MOKPbITHe Ha MaKCHMaJbHOe OHKOMMAKTHOe pacuiMpeHue BR. 

7A9 


3aMeTHM, UTO HOPMAJIbHbIC NOKPHITHA BUOAHE peryJApPHOTO MWpocTpaH- | 
crpa R cyTb He YTO HHOe KaK O-NOKPbITHA MaKCHMaJbHOrO* 6-mpocTpaH- | 
etna P = R; (copmectumoro c R), B KOTOPOM C¥HTAIOTCA OAM3KUMH JHIIb 
(PYHKIHOHAIbHO HEOTACAMMbI€ MHOXKECTBA, a HEMpepbIBHble OTOOpaxkeHHA 
BIOAHE peryaApHoro mpocTpancTBa X BO BIOTHE peryAapHoe MpocTpaH- 
ctBo Y cyTb 6-oTroOpaxenua 6-mpocrpancTBa Xg B 6-mpoctpaHcTBO Y%. 

TemM He MeHee TCOPHA Pa3MeEPHOCTH BIOMHE PeryAAPHbIX MpOCcTpaHCcTB 
He COBMagaeT WeIMKOM C TeopHelt 6-pasMepHOCTH MAaKCHM@JIbHBIX 46-IIpO- 
CTpaHcTB, XOTA Ob NOTOMy, 4TO MHOxeCcTBO A, JexKaujee B Ma&KCHMAaJIb- 
HOM 6-lIpocTpaHcTBe Ag, B3ATOe C TOIO ONH3OCTbIO, KOTOPyIO Ha HeM TO- 
poxmaetT Rg, MoKeT H He ObITh MA@KCHM@JIbHbIM 5-IIpOCTpaHCTBOM. ITO 
Bcerjla TaK JIMUIb B TOM Cayyae, Korga A SABAAETCH 3AMKHYTbIM MHO- 
#«ecTBoM. IlosToMy BCe TeEOpeMB, ROKA3ZaHHbe AAA 6-pa3- 
ME€PHOCTH, OKA3HIBaIOTCA CUpaBeAAHBLIMH H AAA ONpe- 
MReAeCHHOH 3eCCb pa3sMepHocTH dim BNOAHE peryaAApHBX 
WpOcTpaHCTB, €CAH TOABKO B HX MOPMYAHPOBKAaX BME- | 
CTO 6-NOKPHITHH OpaTh HOPMAAbHBIe (OTKPHITHe) NOKPH- . 
THA, BMe€CTO TEX HAH HHHX NOAMHOXKECTB OpaTb AHWb 
34MKHYTHbIe NMOLMHOXeCTBAa, BMe€CTO 6-o0TOOpaxeHH i 
OpaTb HeNpPpePHBHHIe OTOOPaKXeHHA, A NOX NAOTHEMH 
OTOOPAaKXECHHAMH NOHHMATH OTOOPAXKeHHA ,HA* H T. T. Same- 
THM, HaKOHEI, YTO MHOFHe MpeAIOXCHHA TCOPHH Pa3sMePHOCTH HOpMaJb- 
HbIX IIpOCTPaHCTB, HE YKJabIBaIOU[HeCA B TeEOpHIO 6-pa3sMepHOCTH, JerKO 
Me@peHOCATCH HM Ha ITOT GOMee COMMA culyuat. Tak, HampHmMep, Meo 06- 
CTOHT C H3BeECTHOH TeOPeMOH CYMMBI: e€ciu b6nonHe pezyAApHoe Nnpo- 
cmpaxucmso R npedcmasreKHo 6 Bude CYMMbL C4eMHOZO UAU KOKE4LHOZ2O 
4UCAA 3AMKHYMbLX MHOxcecmée A;, mo dim R= sup {dim A;}. 


Noctynns0 
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MATEMATHKA 


M. K. ®ATE 


O56 OJHOM OBOBWLIEHMM CIEKTPAJIbHOH TEOPHM JIMHENHbIX 
ONEPATOPOB (HA OCHOBE NOKA3ATEJIbHOM ®YHKLMN) 


(IIpedcmasrzexno axademuxom B. H. Caupxossim 30 I 1954) 


Bepeweuue. B cnextpatbuof Teopnu orpanuyenHoro wMHefHoro 
onepatopa A ero pe3oabpenta R(w) = (wl — A)? (J — egunuunplit onepa- 
} TOP, W—KOMIekcHoe MepemMenHoe), penzcraBumMad upu |w|>|A} 
| (|A|—Hopma onepatopa A) pazom 
| ee) A" 

R(@) =} pn | (1) 


n=0 


CAYHKUT JIA NOWYYeCHUA UHTerpadbHOorO Mpescrapsenua A u ero uTepaynit 
(cremeHelt): 

A" = 5\R(w)o"dw, (2) 

C 

} rage C—3amKHyTbi KOHTyp, Jexamni Bs oOnacta |w|>|Al. Ecau 
yWaeTca HalTH MOmHOe aHaiMTHYecKoe mposomKenve A(w) pana (1) u 
ucclefOBaTbh MoBeseHue tbyHKunu R(w) oKoO MHoxecTBa A ee OCOOBIX 
TOUeCK, TO KOHTYPHble UHTerpatbl (2) MOHKHO UHOTLa MpeoOpasoBaTb K 
MHTerpasamM (Wan CyMMaM) No mHOoxecTBy A (=cneKTpy onepatopa A), 
M MbI NOyuaeM CMeKTpaswbHoe peActraBaenue A u ero utTepauul. Tak 
oOcTouT We10 B Cayyae caMoconpsAxeHHOTO ONnepatopa A B ruabOepTOBOM 
mpoctpauctse, Korga A ecTb oTpe30K BellecTBeHHOK ocu. Ho moxetT 
oKa3aTbca, uTO paw (1) ecTb uenan gyHKuua ot wt, R(w) He umeer 
OcoObIX TO¥eK, KpomMe w =O, u TOrfa MpencTrapmenue (2) cBoqnTCH K 
TpuBHatbHocTu: A” = A”; sTor cayyuali uMeeT MeCTO, HallpHMep, Aa MHTEe- 
rpaibHoro omepatopa A = A(x, Ss) Cc BOJbTePpOBCKHM AJLPOM. 

OHaKko pesomppeuta R(w) OOnaaeT OMHUM CBOHCTBOM, MO3BOJIAIOWKM 
o606muTh ee OMpesemeHue Tak, UTO NOMy4aIOTCA HETPHBMAIbHbIC Mpel- 
| cTapdeHua Tuma (2) 4 B cly4uae HEKOTOPHIX BOAbTeppoBcKux Aep. Mmenno, 
KaK M3BeCTHO, pag (1), u3s06paxaiomuli R(w) upH OOmDWIHX 3HAadeHHAX 
|w|, aBiseTca mpeoOpa3opaHnem Dope noKazaTebHOH *yHKWMA ONnepa- 
| topa A 


eg zt An 
| 2) Cy (3) 
n=0 
®yukunu E(z) uv R(w) cBa3aHbl Np 2TOM MHTerpatbHOH dopmy.son 
1 F 
E(2)=55 \ e” R(w)dw, (4) 


| 
| 9KBuBaseHTHOH (2) B cusy (3). J,aa BOUbTeppoBCKuxX ONepaTOpoB ITO 
| mpemcrapenue (4) HOCHT TPHBMaIbHBIM XapakTep, Tak Kak KOHTYP C 
| MOXKHO CTAHYT K TOUKe w= 0 BcaemcTBHe peryanpHoctu R(w). Ho ecam 
ONpeeMTb TOUHBIA MOpAOK pocTa Weloh PyHkWAn E(z) u cqeaaTb 
| COOTBETCTBYIOWYIO 3aMeHY NWepeMeHHOLO Z, TO MOKHO yPaBHATh NOPAAOK 
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pocta E c nopaaKom pocra e” (Tr. e. c 1), M TOrMa MOXHKHO OXKULATD, 
uTo mpencrasenue E yepes ee SopetencKoe MpeoOpasoBanue OKaKeTCA 
HeTPHBHaJbHbIM. 

Llemb10 HacTOsIeli 3aMeTKH ABJIACTCH MPHMe€HeEHWE 9TOH CXeMbI K 
WHTerpaibHomy onepatopy A= A(x, s), Apo KoTOporo ecTb PyHkuuA 
pauanua (byukuua Ipuna) ofHoTOueuHOH KpaeBolt sanauu (3aqaun C Ha~ 
UaIbHBIMM JlanHbIMu, 3afauu Komi) oOOpIKHOBeHHOrO HHelinoro udde- 
PCHIUMaIbHOrO. YpaBHeHUA; 9TO ALPO ABAACTCH BOJIbTeEPPOBCKMM, HM NOSTOMY 
‘OObIuHaH CxeMa Cc pe3omppeHToH (w/—A)* puBOAUT K TPHBYAabHIM 
MHTeCrpasbHBIM («CHEKTPabHbIMy) NpeMCTaBJeHHAM. | 

ie Ilopamox nOKa3saTeAbHOH PYHKUUH. Ilycrp | 
L(y) = vy) + py (x)y®@Y) + ...+pr(x)y ecTh OMHOPOAHEIH AMHEMHBIM 
u@depenitualbublii onepatop k-ro MopaAaKa C HeIIpepbIBHbIMH eHCTBU- 
T@bHBIMH KOSPPUNHeHTaMH, 3a.aHHbIit Ha KOHeEYHOM MHTepBate OS XK X 
utH Ha nosynpamoh O<x< X =-+ oo. PaccmMoTpuMm oHoTOUeUHYIO 
KpaeBylo saqayy | 


LOY = £02, 300) (0) cere VR MO) a0 (9) 


Cc HelpepbiBHOH smelicrBuTeibHoH f(x). Ee pemenne maerca dopmy.1on 
x = 


Mee y= J A(x, s)f(s)ds, rme A(x, s)—yuKuua Bananus. Hs ycarosun, 


0 
ompenensiomux A(x, s) (cM., Hampumep, (1), ra. XI), BbITeKaloT C1eLyi0- 
s)*-1 


dee — sot (c— 
IMe ONeHKU: @ yp SOA (Xs SS) Soe S\| <b Gar Oy uaemble © 


B IPeNOMOKeCHHU H3MCHEHHA X, S HA MpPOW3BOJbHOM, HO OrpaHHyYe€HHOM 
upomMexyTKe O<s<x<x, (< X); pu sTOM eBad OWeHKa BePHa MUIb 
Ws MOCTaTOUHO Maoh pa3sHOCTH X—S} 3eCb @— MOCTaTOUHO Masoe, 
a b—jocraTOouHO OONbUIOe NOJOKUTeAbHbIE 4nCa. OTciowa nomyyaem 
COOTBETCTBYIONIMe ONeHKH uTepauM An(x, s) ampa A(x, s)—B Tex xe 
pe WOOK eCHHAX: 

Ca gs)kn-1 nlx — 5/78 


qn aN bala be. 8) <|Anl(x, S)| <b (kn — 1)! 


(kn —1) 

J{1a TOTO uTOOb! NOA3OBaTHCA ANMaApaTOM MHTerpabHbIX ONepaTopos, 
oTOpacbipaeM OT oKa3saTetbHoH dbyHKuwH (3) ee HauaIDHEI unen 7 un 
onpereiaem (yHKIUMIO TpeX NePpeMeHHBIX Z, X, S, Wemyio M0 2: 

ee A as) 
wut-< 5 SPA iy 28 ft 8 
EZ, os) te Lira 8S oe iar : (6) 


n=1 
M3 oweHok aaa An(x, S) MoyuaeM, 4TO PH 3aKPeNMeHHbIX x, S 


NOpsOK pocta p(x, s) dyHKuuu (6) He MpeBocxoAUT HO pu jo- 


de 
k+ 1’ 
‘ 4 | 

CTaTOUHO MaJlOH X —S OH M He MeHbINe p> - TakuM oOpas0M, Ha3bipaad 


se) MpocTtO NOpAxAKOM pocTtTa dyuKuun EZ, x, s), upu-| 
x>s | 


XOJMM K CJICYIOULEMY Pe3ybTaTy: | 

Teopema 1. Jlopsd0k pocma nokasamersHoi pynkyuu om byHK- | 

Yuu BAULHUL OOHOMOXLeLHOW Kpaeboi 3adauu (5) pasex Pymer it | 

: | 

§ 2. Xapakrepuctuyeckan dynKuua. B coorsercraun co! 

CX€MOH, OMMCaHHOH BO BBEeCHHU, 3aMeHHeEM B BbIpaxenun (6) z Ha 2+, | 

noryuaem wWesylo dynKuni E(z*t1; x, s) nopamKa 1 u crpoum ee mpe- 

oOpa3s0BaHne Bopeax | 
© 

[((k + 1)n]! A, (x, 8) | 

R(w; XK iisy yi n il | 


n= 


n! grtlat. * (7) 


H3 onewox gaa An(x, Ss) HaxoquM oOleHKH paguyca cxo_uMocTH 
r(x, Ss) pana (7): 
| 1 


fh —s)==(R SP I){a Pe. 


1 


Srl )<(e + [6 (22h) eres), (8) 


“M, CI€QOBATeIbHO, pay (7) cxogutca, ecu |w|>>re(x—s), HO pacxo- 
Autca, ecau | w|<r,(x—s) uw X—s yoctaTouHO Mano. Takum o6pa3om, 
(7) He ecTb yeaa yHKuUMA OT W, H NOSTOMY CuIeMYIOMMe MHTerpastbHble 
TIpeAcTaBeHHA, NOMyyaemble u3 (7), HE ABAAIOTCA TPHBMAJbHBIMH: 


1 
Bis Si iat (ea + yh \ R(w; x; 3) wet dw, 
Ele, x, s)= yt | Rlws x, slo dw, (9) 
C 


i3mecb C nexuT B oOnacTu |w|>r(x, s). 
PaccMoTpuM Tenepb Ty 2%*e KpaeBYlO 3afauy, HO € mpocretutum Hd- 
(est 


) bepenunabHBIM oneparopom L(y)=y™, Torga A(x, s}= “(k—t! ? 


R(w; x, s) umeeT pu Ooapmux |w| caenyrupee pasioxeHue: 


kn—1 
) » H, CUEMOBATCAbHO, XapaKTePpUCTHYUeCCKan PyHKIUMA 


© (en+n)! («—s)h} 
R(w; x, 8)=) (en—Di nl yhatasi (10) 
=1 


k 


| x — s\Pt1 
}¢ pamquycom cxogquMocTH fo(x — s)=(k + 1)( ; ) . R(w; x, 8) OKa3bl- 


|BaeTCA alreOpanyueckoli cdbyHKuneli OT W; LAM TOTO U4TOObI 3TO MOKa3aTh, 
| Hafimem ee neppoodpasyy10 R,(w; x, s) no W, OOpamatomlyiocaA B — 


x—S 
| mpu w— oo: 
| ( (eo) 2. pao kn ) 
4 (kn +n — 4)! («—S) = 
Ri (w; x, Eee oars bau (kn —1)!n!  wkntn ee 
i=l 
( 2 es ) 
dl kn+n—1)\ +n 
Seat Li) Gems Lae cae ay 
( n=1 ) 
irae 
/ 7 («—s)* y 
| or ee oo 


. Pan no © B durypHbIx cKOOKaX CyMMMpyeTCA H3BeCTHbIM cnoco6om 
(cm. (2), org. III, 3amqaua 216); rakum o6pa3om, 


il i} 9 
Py (GOs 1X, Sw eres (13) 


irmge t=1(C) ecTb TOT KOpeHb ypaBHeHHA 


CpP Tt ptt () (14) 


/KoTopblli oOpamaerca B 1 npu C—O (t. e. mpH W — 0v). 


k+1 | 
Oco6pne Touku R,(w; x, Ss) NOAyuaoTCa npH t= — B cuay (14) a 
(12) sto 6yzyT | 


R 4 
== ATL Tre 


Le ae | 
Wn = Wn (x — 8) =(k + 1)(7) 7 pkth (Fa ==) Pilewe ke) (15) 


Ouu pacnor0xKeHbl, Kak H LOJKHO ObITh, Ha OKPYXHOCTH pamnyCa Fo(X — S) | 
WM Upw u3smenenuu x, s(O<s<x<X) 3anoanswr k + 1 oTpe3Kos JAM HBL 
r)(X) = Up, CHMMETPHUHO pacOJOKEHHBIX B MIOCKOCTH W BOKpyr HYJEBOH | 
TOUKH. Sta «3Be3 2a» u eCTb «cneKTp» A Kpaesod 3aqauu (5) upu L(y) = y®. | 

TlogcrapuM (12) w (14) u orsrmem 10 H3BeCTHOMY NpaBHuly (CM., HanpH- | 
mep, (°), § 38) pa3102%#xeHHe 10 TpOOHbIM CTEMeCHAM W— Wm TOTO penIeHHA 
t —t(w) nowy4yeHHOrO ypaBHeHuA, KOTOPOe MPH W == Wm OOpamlaeTcA B | 
ae ; Halinem ¢t = eo + bin(W— Wm)!? + Cun (W— Wm) +... Cex...) 
uv moynctaBuM B (13). IIpuxoqumM k CaeyIouleMy pe3sylbTaTy: | 

Teopema 2. Xapaxmepucmuyeckan gynKkyust R(w; x, S$) Kpaecou 
sadauu (5) 0AX onepamopa L(y)=y" npu 3saKkpennzeHHox xX >S ecmb) 
anzeOpaurecKan PyAKYUL WC OCOOKLMU moxKamn (15), COCMaBALIOUUMU 
npu usmMeHeKuu x, s 36e30y A--«cnekmp» Kpaesott 3sadauu. [Tepeoobpa3- 
Hast R,(w; x, $s) xapaKkmepucmurxecKoi pyHKYyUU ONpedeALemcA ypasHe- 
nusmu (13), (14), (12) uw oKono oco6ux mo4eKk (15) o6paumaemcx 6 oo 


KaK (W— Wm) |?) OHA HBALeEMCL nepuodurecKol. PyAKYyUe OM arz~ew Cc 
27 
nepuodom punt: 

TlocueqHee yTBepxeHHe CleLyer u3 pasioxXenna (11), aHawaTH4eCcKUM 
MpOOMKeHuUeM KOTOPOrO sABAeTCH Ry (Ww; x, Ss), a TakKxKe U3 PopMys 
(12) — (14). 

§ 3. CnexTpaabuoe mpeactapaenue. Tax Kak RR, (w; x, SI 
OMHO3HauUHa NO wW mpH |w| >ro(x—s), TO KOHTYpHble uHTerpaap (9) 
MOMKHO TpeoOpasoBaTbh MHTerpalMeH 0 uacTaM, BBeA Ay, 3aTeM CHeEMaTE 
TIpeAebHbIM Mepexoy K 3Be3ze A u pM 3TOM (BCTeACTBHE NepHORHYHO- 
ctw Ry) COXpaHHTb B Upeqetwe MHTerpallMio AnuuIb To oTpeskKy ONuU< 
<fro(X—S) BeWLECTBEHHOH OCH HAOCKOCTH W: 

Teopema 3. Lax Kpaesot 3adauu (5) npu L(y)=y™ cywecmeyem | 
seulecméenHas obynkyus f(u; x, S), ONnpPedeACHHAL U AHAAUMULeCKAAL NO u 


Had UuXmepsane OSu<cro(x—S), oOpamanwuaiclh 86 CO Kak 
[w —ryo(x—s)|~/2? Ha e20 npasom KoKYe r)(xX—s) U maKas, 4mo ume- 
payuu An(x py ee oyxKyuu bausnusn A(x, s)= Grewia ul | 
EADS SESS Cpe i Go ee a eee ee eS “ 
FE gh ee (Gast 1 ,kn+n 
NOKA3aAMe AbHA BRU Ee ae = = 
bHat yrxkyun E (zt; x, s) >; f= lal (6€3 HALA Nb 
n=1 
HO2O 4AeHa 1) UMeIOM UNMEe2paAbHble NpPedOcmasAeHUs: 
A ro(x—S) 
x a ee : kn+n 
Ariens) (Paas \ f(u; x, s)duko+n, 
0) 

To(x—S) 
E(zt1; x, s)= \ Pi Usa, es) ae": (16), 


0 | 
OynKkunw f(u; x, $) MOKHO HasBaTh CHEKTPaIbuolt pbyuKkunel, 
PpaCCMOTPeCHHOH KPaeBOH 3amaun, U—ee CHEKTPabHbIM NapamMeTpom. | 


YepHosnakuh rocyzapcrBenupiit Tloctymuao | 

YHUBepCuTeT 1 XII 1953 
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Jlokxagn Akagemun Hayr CCCP 
1954. Tom XCV, N 4 


MATEMATHKA 


C. A. YWHAXKH 


O PASJIOMEHHH I-OTHEJIMMbIX TPYNN B MPOMSBEXEHHE 
NowArPYOn 


(IIpedcmasrexo axkademunon H. M. Bunozpadosuim 21 I 1954) 


§ 1. IlpousBeqennem AB Hexotoppix copoxynuocteh 2% u B snemeu- 


} trop rpynnpt © (B cmpice Ppobenuyca) HasbIBalOT MHOHECTBO 3eMeHTOB G, 
| mpeacTaBpuMblx B Bune: G= AB, ACA, BEB. Tono6unte nponssegzenua, 
| MHOXKUTCAMM KOTOPBIX OOBINHO Ha TpaKTHKe ABJAIOTCH HeEKOTOpBIe NOA- 
| rpynmbl, OveHb YacTO WCHOJb3yloTCA B TeOpHu TrpynM uw urpaioT B Heli 
} BeECbMa BaxkKHY!O powb. K HMM, B YaCTHOCTH, MpHOeraloT c WedbIO NoOay- 
} 4eHHA N10 MaHHbIM NOArpynnaM HOBLIX NOArpynm Toro uM uHoro Tpe- 


Oyemoro BUJld, a TaKMKE JA YCTAHOBJCHHAH KPHTeEPWeB HeNPOCTOTHL HWM 


| paspeuiMMOcTH rpynnbt. 


Tak Hanpumep, B 1930 r. Hamu ObINa oKa3aHa (1) Teopema: ecau 


/MOpAAKM TpeX KMaccOB COMpsAxeHHbIX 93Je@MeHTOB KOHeUHOH rpynnpl 
| momapHO B3aMMHO TipocTH, TO rpynna He MOxeT ObITh npocToH. Jlaa no- 


Ka3aTepcTBa Obla CHayala Nomyyena Cllemyiomlad wemma: ecuu © = AB, 


‘roe M&M u S—nogzrpynny G, npuyem AQ BHE (C— exunnynaa nog- 


rpynna) u Uf) B comepxuT coOcTBeHHbIi HOPMAaIbHbIN JeAMTeAb KaKOli- 
au6o u3 rpyun 2% u B, to rpynna G — xe mpocraa. 
Sra emma Obiaa B 1939 r. BropuyHO foKa3zaHa Opa (Teopema 12 raa- 


| ppt I paOotsi (*)) u B TpeTuH pas —B 1950 r. Cenom u Pegen (Treopema 
| 2 padott (*)). 


IIpeactaBenve rpynnbl B dopmMe NpousBeyeHHA ee NoArpynn («ak- 
TOpH3aluA» Tpynubl) uccaweqoBanocb takxe ©. Tonnom(*) FP. Lanna, 
®. Kasanuo, H. Hro, [. Busanatom, a Takxe u B page Apyrux paoor 


/ Cena u Pexen (o630p aurepatypbi cm. (°)). 


B nacrosmeh pa6oTe NoKa3bIBaeTCA BO3MOMKHOCTb Pa30KeCHUA B Mpo- 
W3BeJleHHe CBOHX NOArpynM AA BBeAeHHEIX HaMM paHee(®) Tak Ha3bI- 


» Baemblx Il-oTqeaumMpix rpynn. Mp nojb3syeMca Mp 9TOM HalliMMM Tpex- 


HMMM OOO3HaYeHHAMU MW Ope meeHuaMM (cM., Hanpumep, (’)). 

§ 2. Teopema 1. [/ycmb m—xauborowmuti I-cunosckuit 0eaumero 
nopsoKa g Il-omdenaumoi epynnu ©. Tozda ecaxomy npedcmasrenuio m 
6 BUde NPOUZBEOCHUA ObBYX B3AUMHO NpOCMbLX MHOIMCUMEeNeU m = MM, 
coomsemcmsyem npedcmas Aexnue epynno & 6 6ude NpoUuseedeHuA G=M,My, 
20e M, u M,—HAeKomopole makue nodepynnu 8, OAL KOMOPUX 4UCAA 
Mm, U Mz, CoombemcmsbeHHO, AbASIOMCH HaUuboAbUWUumu LI-cursOBCKUMU 
OCAUMECAAMU UX NOPAOKOB. 

Jloxa3atTeapbcrso. Jlonyctum, uTo Teopema HeBepHa. Tora cpean 
TPyNM, JIA KOTOPHIX OHA He BHINOTHAeTCH, BbIOepeM rpynny G, umeroulyro 
HaMMeHbIUNH NOpAAOK g. ITO 3HaunT, YTO CYIMeCTBYeT TaKOe MHOMKECTBO 
mpoctnix ances II, uro rpynna © sapasnetca Ilorgzeaumon, yo yTBepxe- 
Hue TeOpeMbI M0 oTHOMeHHIO K G u I ne Bemoanaetca. Tak Kak pH 
m=—1 uMeeTCA TOMbKO OHO pasmomweHHe m=1-1, KoTOpOMy CcooTBeT- 
cTByeT mpeactaBienue G=GG rpe6yemoro sugza, To m>1. [ostomy 
il He nyctou g ol. 
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Jlanee, Tak Kak pasOveHHIO m= m-1 TORe COOoTBeTCTByeT NpeACTaB- 
nenne G = GE (CE — emunnyHad no_rpynna) TpeOyemoro TeopeMOH Busa, 
TOM ayn Mo | <7 <a. 

Orcioga, B Cuy (M71, Mz) = 1, BbITeKaeT, YTO B Pa310X%KCHHM UNCAa M 

a 
Ha IIpOcTbBIe MHOMKUTeIH M = pi'ps?..: ae TE" Dis Poy oss PR BOCH pam 
JMUHbIe MpocTHe MeruTemm m, uucno k >|. 

Bo3bMem Tenepb upeqmocaeqHul wien & = E raaBuoro pxga rpynn G. 
Tak kak k>>1, TO HOpMadbHBIA BeanTerb & rpyunst GS orsanyen oT G. 

Tpynna © aBaserca Il-orqeaumou, nodTOMy erKo OKa3aTb — 10 00- 
HO mpenmoxennio (/7) padotst(*),— To HanOoubpmmi U-cunoscKun 2eaKn- 
Teib mopayKal rpynnpl 2 wiH MMeeT BU Di => .1, THe .pi— OHO. -H3 MH 
CE Py, Po,.--» Pr» WH Ke paBeH eMHUIe. 

PaccMOTpuM OTebHO 06a 3THX BO3MOMKHBIX CyuaA. 


Os QO; 

1) Mopanox @ pasen /=p; ¢>>1, rae (m,t)h=1lupi >1, loca. 

oe 

PaccmotpuM, cHayana cayyat t= 1. Torga /=p;' >1. Uncao p; q01- 

2%KHO JCAUTb OHO W3 YMCeT My H My. Ilycth pi eAuT my. Torna caxk- 
* 
Top-rpynna 6/2 6yxzer U-orgeaumon rpynnod (*) nopagKa g/pi . Tak KaK 
> 7 
QHEu LG, tro 1<g/p;'< g. Nosromy teopema ana G/Q cnpaser- 
supa. Tak Kak HanOoubpumi U-cusopckul qeautTe.b nopanka rpynnp G/L, 
@; @; @; { 
OUeBULHO, paBeH m/p;' Mu MomycKaer pasnoxenue m/p; =(m,/pi )me, TO 
3TO O3sHayaeT, 4TO G/Q = (M,/L\(M./L), roe W/L u MW,/k — nozrpyn- 
nb! ©/, HanOouputumu [-cun0BcKuMM JCAMTCIAMH MOPAAKOB KOTOPbIX 
Es 
ABJAIOTCA, COOTBETCTBEHHO, YnCIa m,/p;' U mz. Ho Torza G=M,M, u 
y * { 
Havooubpmum Il-cumoBckuM eauTeeM NOpAyKa m, noyxrpynnp MW, Gy- 
aeT m,, a nanOoaputuMm [-cusoscKuM ReauTeAeM MOpAAKa mz; nNomrpyn- 
Ss 

mbt WM, GyMeT Pi Mo. 


Os; WM; t 

Tak Kak (m,,m.)=1u pj; MeauT 10 ycoBuIO my, TO u (p; ,m,)=—1. 

Tlourpynuna & aBAeTCd HOpMaAbHBIM ZeruTerem © wu BxOAMT, OVeBUAHO, 

B MW,. Tlosromy ona HHBapuanTHa u B M,. Iipumenaa k WM, nu L Teopemy 

a; fe 

Ilypa(’), 3axmouaem, B cuay (pi _,m,)=1, uro M, umeer nogzrpynny Ms 
* @; 

nopaqKa Msi. Takum oOpa30M, HaMOonbutMn Il-cunoBcKui meauTerb 

nopanka M, paBeH m, u M,—= LM. Torza G = M, (LM). Ho L Bxogur 

u BM. Tostomy G=M,M,, rae M, u M@,—nozrpynusr tTped6yemoro 
TeOpeMOH Bula. 


Ilonyunaocb npoTHBopeune. Tak Kak m, HU Mz paBHOMpaBHbl, TO Tak 
he 


#Ke PpacCMaTpMBAeTCA UM CAYUAall, KOTMa Pi MeAUT My. 

1, WEVeTE Tenepb ¢->1. PaccmotpuM cusoBcKy1o Noxrpynny % nopazKa 
pi >1 rpynnst 2. Tax kak 2—HopMaapuplli peauterb G, To Bce noZ- 
rpynop ©, conpsxennpie c % BG, BxonaT BV u, KaK CHAOBCKHe NOL- 
rpynnbt 2, OynyT conpsxenpr c Pus & Ecan Boy ui By— HOpMa.JIM3a- 
Toppl $8, coorseTcTBeHHO, BL u B®, TO u3 MpesbIAyMero caesyer, YTO 
unweKc By Bp Y papen unmeKcy By BG. Ho unzexc By B 2, OWeBH HO, 
B3a4MHO mpocT c m. [lostomy nopayoK By nemutca na m. Tak Kak & 
ABAACTCA NPCANOCIe HAM YICHOM TwaBHOTO psga @ u Tak Kak, B CuAYy 
t>1, BX, ro P ue moxer Obirb unBapuanTHoH B ©, u nosTomMy No- 
pAOK By Menbure g. Kpome toro, By, Kak nogrpynna U-orzesumoli 
rpynnpt ©, toxe U-orzeauma. Caeqopatedbuo, Teopema WA Boy cmpa- 
Belausa. M3 Bcero npesbimyuyero BbITeKaeT, UTO AMA By cyuectByer 
mpeyctapsenne B BuZe VE=IMM,, npnyem nan6oanmni [-cunoscKult 
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}TeluTetb Nopaaka MW, paBew m,, a nanOoapmui I-cunoscKui jeautearp 
}nopagka IW, pasen mz. Paccmotpum Tenepb nogrpynny Bye. Maa nee 
jumeem [Bqyl] = [Bg][L]/[Vy NL], raze [ByV], [Vg], [S$] wu [Vy g] 
}OOO3HauaIoT NOpAAKH coorsercrTByiomux rpynn. Ho Bynes =Bg,. Ilo- 
jaTomy [Byk] = [VgllL]/[Vy] = [Bg l(L]/[Bgy]). Ho ungexc By BG, Kak 
jMbI Bumeru BEIMe, paBen [&]/[By]. Mlosromy nopazoK Bak pawen g, 7. e. 
}S = BVpl. Creqosatrerpuo, © =(M,M,)&. Ecnu p;i neauT m,, TO Torga 
G=(M,V)M, u WM fu M, SOynyr woxzrpynnamu tpe6yemoro suza. 
pEcau xe pi HeiuT m2, TO TorZa G=M, (MY) u M, u ML onate 6y- 
MyT wofzrpynnamu tpeOyemoro susa. 

B o0o0ux Culy4yaax MOTyyaeTcA mpoTHBOpeune. 

2) Tlopazox 2>1 rpynnst & BsaumHO npoct c m. 

|}  Torgza daxrop-rpynna G/L 6yzer U-orgeaumofi rpynnoi nopsgka g/l. 
} Tax kak LE u ¢-G, To l<gil<g. 

Ilostomy tTeopema gaa G/Q cmpapenqaupa. Tak Kak HanOombuui 
1 [l-cunosckul Weruteab nopaaKa rpynnst G/ B AaHHOM cayyae, OVeBHI- 
PHO, paBeH mM UM MONYCKaeT pa3sMOwKeHue M= MMe, TO NOISTOMY HU WIA 
'@/Q umeem mnpeyzcraprenve B Buse G/L =(M,/L\(M,/2), roe M,/L u 
M,/L—nozrpynny G/L, san6orpmumu [l-cunoscKumu eqMTesamMu n0- 
| PHAKOB KOTOPHIX ABJAIOTCA, COOTBETCTBEHHO, YMCA mM, H My. Ho Torna 
(GS = MM, roe, B cury (m,l)=1, nan6onpmum Il-cunopckum neanTenem 
| NOpAKa m, noxrpynnp Mt, ABAAeTCA ONATb my, a HaMOombuuM II-cu- 
JIOBCKHM JeIMTeTeM NOpAaKa my nomrpynupt WM, cyKUT YHCO Ms. Ta- 
) KMM OOpa3oM, pa31oxeHve © = MMW, umeer TpeOyembli Teopemo Bul. 
OnaTb Nojyunocb mpoTuBopeune. 

Teopema 20Ka3aHa. 

Teopema 2. /lycms m>1—xanborowun Il-cunosckuit deaumerr 


nopsioKa g Il-omdenzumou zpynnu ©, u nycmb m= pj'ps... He rye 
| Di, Po, --- » Pr—6Ce pasnuxnye npocmole denzumenu m. Toe@da epynny 
G moocHo npedcmasums 6 Bude npouseedenua GS=F,R,... Br, rae 
| %,, Bo, ..., Br—nexomopwe nodepynnou 8, umewwue nanbossuumu 
Ibcunosckumu denaumeaamu céeoux nopAOKOb, CoombemcméeHHO, 4UCAA 
eo, ae al 

Pi > Pa» «++ Pr - 
JLoxa3sateabcrTso. Tipu k=1 Treopema ouesugna. [lostomy myctTb 
k>1. Coraacno teopeme 1 umeem G©=$,92,, mpuyem HanOo1bUIMM 


II-cunopcKum jeautTesem nopayKa %, aBaseTca py’, a HanOonputum II-cu- 


JOBCKUM eauTenem nopsaka MW, ABaAeTCA 4MCAO ps°.. Die IIpunaraa 
Tenepb Teopemy 1 K Y,, umeem: M, = PM. Tlostomy GS = B,P.Me. 
TlpofommxKasa Tak u falbwe, mpusem nocae & marop K TpeOyemomy pa3uo- 
#*KeHHIO © Ha MHOMKUTEN. 

§ 3. Bompoc o Bo3mMoxHOCTH BHIOOpa CHCTeM NOATPynN, yAOBeTBO- 
pAIOULMX TpeOOBaHHAM TeOpeMbI 2, a TaK2KE MW OCTAIbHIM yCOBMAM (Te- 
PeCTaHOBOUHOCTb, conpaxeHHOcTh) padoTer ©. Touna (*), octaerca 
OTKPbITHIM. 

lIpumep mpoctoli rpynnsr nopsqKa 60 moKasbiBaet npu H=(2,5} He- 
BO3MOXKHOCTb OOpallleHuad Teopembl 2. 


Tlocrynus0 
44 1 1954 
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Aoxaage Anagemun Hayx CCCP 
1954. Tom XCV, Ne 4 


TEOPH#l YIIPYTOCTH 


JleiicTBuTeabHbIH YneH AH YCCP A. W. AI JIMHCKUH, 
H. B. 3BOJIMHCKHH uw H. 3. CTEMAHEHKO 


K JMHAMHMKE TPYHTOBbIX MACC 


| Ypyytoppre maccbl upeacTaBasioT cool CIOx%xKHbIe OOpa30BaHuaA, COo- 
MMep2Kaliiue, Hapay C OCHOBHBIM BellleCTBOM rpyuTa (Hanpumep raunoi), 
(MYCTOTbI, YaCTHUHO 3alOdHeHHbIe BOOK. IIpu welicTBuM Ha rpyHT 6oub- 
(uIMX aBJleHHH, BOSHHKaIONMX IPH B3pbIBe, MPOHCXOAMT cBOeoOpasHad 
\«ynakoBka» TpyHTa, IpMBOAALaA K 3amMeTHOMY (nOopsyzKa 30%) yBeanuennio 
oObeMHOrTO Beca rpyHTa. B 93TOM OTHOIICHHH NOKasaTeAbHbI OMDITHI 
\‘H. M. Criroro* no o6pa3s0BaHHi B TAMHUMCTHIX TpyHTaX CTBOAOB WaxT 
‘ayOuHOH 40 HECKOJbKUX JCCATKOB MeTPOB MOCpeACTBOM B3pHIBa. B ruy- 
Soxoe, CPpaBHUTeIbHO y3Koe (MameTpom 10—15 cm) oTBepcTHe B rpyHTe 
DMycKalcH AAMHHbIM MapJeBbIt MeINOK, HanNOJIHeHHBIM NHpOKCHMHOBLIM 
lnopoxom. OrpepcTue 3aN0uHAIOCb BOOK, Mocae Yero HHHWMMpOBaICcA 
\TOJOBbIM 3aaJI0M B3pbiB. B pe3ybTaTe B rpyH- 
Te oOpa30Ba0Cb WHIHHApMyecKoe OTBepcTHe 
iquameTpoM oKo0 | M, OKpy2KeHHOe yIAOTHEH- 
M4bIM TPyHTOM, TOAHOe AAA pa3sMUYHbIX TeXHH- 
secKUX UpuMeHeHHA (ycrpolictBo KosoAues, 
ynaoTHeHue (yHAaMeHTOB H T. N.). 

) Jia MaTeMaTHY¥eCKOrO ONMCaHHA MOOOHDIX 
lABNeHHH MpeAcTaBAaeT wHTepec cJeLyloular 
cxemMa jedopmauuu rpyHta, wnpeioxennan 
A. 10. Umanuckxum. Tipu mapaenuax, He mpe- 
BbIMAIOWHX HEKOTOPOH xXapaKTepHOH MAA Wau- 
HOTO YIpyHTa KOHCT@HTHI Ps, TpyHT Mepopmu- 
pyeTcaH 0 3aKOHaM HeCKHMaeMOH UeaTbHOU 
XKUIKOCTH MaHHOH MNOTHOCTH Py. IIpu maBue- 


HMM, PaBHOM Ps, IpOHCXOAUT “yMaKOBKa» TpyHTa fe eee) 
RO MMOTHOCTH (;, TOCMe YerO TPyHT BHOBb Jle- f 
@opmupyetca Kak UeatbHad 2XKHKOCTb, HO Puc. 1 


ye HOBOH MOCTOAHHOHM TVIOTHOCTH fj. 

Ha puc. 1 noKa3aHa mpHMepHad AMarpaMMa 3aBHCHMOCTH MexK Ly 
Rapsenuem p u oO‘eMHOH AepopmMauueH rpyuTa 6 = 1 — = uM umeatu3u- 
poBaHHad WuarpaMMa, COOTBETCTBYIWINad YKa3aHHOM BBIINe CXeMe. 

Mex mpeneOpexenuaA KacaTeJbHbIMM YCHIMAMM B CNMOWHOH cpee 
(HalpwMep B MeTade) IpH HaMuMM OOUbUIMX JaBJeHHH UpMHatexKUT 
M. A. JlappeutTbesy. 

PaccMOTpHM CHCTeMy ypaBHenni, ONUCHIBAIOMUX OCECHMMETPHUeCK y!IO: 
Hepopmaruw rpyHTa Nok AelicTBHeM MaBAeCHHA Pa, MPHOMKeCHHOTO K 
rpaHu Kpyraoro oTBepcTus. B cooTBeTcTBHM C MpMHATOH CxXeMOH CueMyeT 


* TIpouspezenbi B Mnctutyre Matematuku Axkayemun Hay YCCP. 
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pa3simuaTb TpH oOmacTH ecbopmupoBanna TpyHTa: BHemHIOW (b>r>r_) 
re flapienue p<ps MW MMOTHOCTh p= Po; cpemuow (7, 2>r> , ri 
p=Ps W MpoucxosMT «ynakoBKay TpyHTa, H, HaKOHell, BHYTPCHHIOK 
(r! Sr>a), re p> Ps X P= Pi > Po 
O6osnauum uepes u(r, ¢) paquarbHy10 CKOpocTb TOUeK rpyHta. PyHKUMs 
u(r,t) yOBIeTBOpAeT B COOTBETCTBYIOMMX OONaCTAX CJEMYIONMI 


y paBHEHHAM: 


ou 08 ou WV OP } 
ot or Qo Or (b >r >r) 
Ou , at 0 
atte aps ? ) ’ 
du Ou : sass 
ai Wilecree S20 S Te) 
ou HE ou ___—st Op } 
ot or Q, Or (r,>r >a) 
ou a 0 
or z J 


~ Jlapnenue p=p(r,t) 2O1KHO YOBJeETBOPATh TEM HAM MHbIM 1 rpanuy. 
HIM YCAOBHAM Ha WepeMeHHEIX TpaHuwax r=a ur=O wu u3sMensAeTcs 
BMeCTe C. MWOTHOCTbIO p= P(r,f) HeNpepbIBHO MpuH Nepexose u3 OHO 
o6sacTu B Apyryw (ecum o6uacTh Fr > rS>r, He BEIPOKMAeTcA B OKPy2 


HocTb). Tak HalpuMep, Upu pacwiMpeHHu HAeatbHOrO rasa BHYTPH moore 
IMIMHApa MO 3aKOHy NOWMTpoMbl cTenenu 7 
const 
a= qn ’ 9 =0. 
B cayyae OeCKOHeYHBIX pa3sMepoOB BHeMIHeH OONacTH TpyHT B. Hed 
HEMOABWXKeH, a aBJeHHe paBHO KpuTH4uecKOMy Ps. CpenHaa oOmac? 
BEIPOKMAeTCH B OKPyXHOCTh H3MeHAIOMerOCA pawuyca r=—Fs. II]pu nepe 
XOMe wepe3 ITY OKPyHKHOCTb WaBeHHe P MW MAOTHOCTb P TEPNAT paspbiEB 
npwuem 


dr, / 
at ies U(Ts, ), 


p(r,-—0,;)—p; = spare Se (Fes t). 


B cualy ycJOBAYA HeECKHMaeMOCTH 


a da 912? — Po 
HT, ¢) are ee , 


rye Ay— HavaIbHOe 3HaYeHMe Paluyca OTBeEPCTHA. | “ 
Pemenuve 3afaun CBOAMTCA K MHTerpupoBannio nuppepentuarpnord 
y paBHeHHA 


dx 2 (2p I=P;) e+ a Rem Mea | 
ue 2 P1 T Po gk In (Or — 0g) 2? eras | 


91a" — QoQ - 3 
P12" — QoQ 


rae x =(da/dt), a dyuKuua pe onpeneanetca B COOTBETCTBHU C OCObEeH! 
HOCTAMM 3aauu. | 

Hauadbnoe 3nauenwe Xx onpemeaaeTcCa U3 COOTHOMeHUA | 
Pens Pie — (da ‘L 

Pst Pia C0 \ dt hie 

Jinx MOCTPOCHHA PeMleHuA YNOMAHYTOTO Auddepenunatbuoro ypaBue 
HUA MUpHOWWKCHHBIMM MeTOJaMH CileAyeT 3HaTb 3HaueHHe MPOUSBOAHO} 
mepeMeHHOH x lO apryMeHTy @ B Havadbubili MOMeHT BpeMeHH, | 
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} Haxox enue 9TO Mpou3BOAHOH cBA3aHO C paCKpbITHeM Heonpeeweu- 
}HOCTH JOBOJIbHO CJIOMKHOTO Bua. Pe3sybTaT CyULECTBEHHO 3aBUCHT OT 
)XapakTepa M3MeCHeCHHA WaBJeHHA Po. Ecau, HalipuMmep, Lapslenne BosHUKaeT 
MIHOBCHHO WM JlaJiee H3MeHHETCA MO 3aKOHY NOAHTponbI cTenenu n= 1,5 
i(cM. BbImle), TO, Kak noxasan HM. 3. CrenanenKo, 


ax = 2 [(5P9 — 391) Pa |¢—0 + (801 — 860) Ps| 
da |t=0 3PoP12o ; 


Ha puc. 2 mpupeyen rpaduKx, uamocTpupyloulMi pesyabTaTb uncsmen- 
HOO HHTerpHpOBaHHA TpHBemeH- 
HOrO BhIMe Auddepenwuat,yoro 
ypaBHeHuA AA OMHOTO KOHKpeT- 
HOrO cuJlyuas. 

B moment, Korga nepemMennaa 
X oOpailaeTca B HYJb, BCE TOUKH 
TpyHTa ocTaHaBJuBarotca. Tlomnoe 
BPeMA paclIMpeHuA OTBEPCTHA ON- 
peMelneTCA HeECOOCTBEHHBIM HHTEe- 
rpaiom 


1 a ae a ar 


Jlna runotetuyeckoh cpemb Cc . 


OoNLMIOH cTeneHbiO yNNOTHeHHA 
(Pe: po) H. B. 3BonuncKuit nomy- Puc. 2. pz |,-9 = 178000 KI /cm?; n= 1,5. 
Juus npHOmmxeHHOe Apdpepenunamb- p,=1000 xP /cm®; pp=2 r/c; oy = 
(Hoe ypaBHeHue = 2,97 /CM*; @ =9 CM; Agay= 91 CM; 
T= 05003" cex: 


max 


’ 


z— 5 Pz | 4 Zz -- Q? dz 2 4(Pg—Ps)01 
BE” V2e BE NAb = 0, (03 — Po) 

irne z= i 

B pane cayyuaeB 3TO ypaBHeHue MHTerpupyeTca B IJeCMeHTApHbIX P@yHK- 


mMaAxX. Tak, Ja Cay4ad BHe3aNHO MpHaO#KeHHOTO M B abHeHUreM 
MNOCTOAHHOTO faBJeHHA Pp, > p, MomyuaeTca 


(Pa 5) P1 


bos Po (01 — Po) 


+ a. 

FEcau WapseHue Pp > Ps BO3HHKJO BHeE3amHO HM B TeYeHHe HEKOTOPOTO 
‘BpeMeHH 7, NOCTOAHHO, MOcae yeroO CKAYKOM CHWXKAeTCA JO 3HAYCHHA Ps, 
iTO pamquyc 30HH yNoTHeHMA rpyHTa OymeT TaK2xKXe HEOTpaHH4eHHO pacrH. 
ja OOubuux 3HayeHult ¢ MMeeT MeCTO acuMNTOTHYeCKaA Popmyvia 


1 
I rs = const-t". 


B cayyae u3MeHeHHA ZaBeHua p 10 ajluaGaTuueCcKOMy 3aKOHY ypaB- 
|weHue uHTerpupyetca B KBagpaTypax. OTbicKaHHe OKOHYAaTebHOrO pamuyca 
YHJOTHEHHOH 3OHLI TpyHTa CBOAUTCA pH 3TOM K pelIeHHIO HeKOTOporO 
jasmreOpanyecKkoro ypaBHeHua. 

|  AnasorMuHO MOKeT ObITh paccMoTpeHa 3azaya oO paciIMpeHHH Ciepx- 
Br OTBePCTHA B TpyHTe, MecsopMupoBaHue KOTOpOrO NoOAuMNACTCH 


(TOH 2#Ke CxXeMme. 
NocryHHao 
Sy dil ays 
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| HMC BOJIHOBLIX ypaBHeHH B Buse: 


Jloknaagn Akxagemun Hayk CCCP. 
1954. Tom XCV, N 4 


TEOPHA YMPYTOCTH 
B. H. KEHJIHC-BOPOK 


O PACIPOCTPAHEHMM KOJIEBAHHA B MHOFOCJIOMHOM 
NOY MWPOCTPAHCTBE 


(ITpedcmasazexo axademuxom I. A. Tamb6ypuyesoim 26 I 1954) 


PaccmMoTpuM ufealIbHO yupyroe ”-caoliHoe momynpoctpaxcTBo (*} 


'2z2>—2,, B KaKOM 43 C10eB KOTOPOTO cpesza OAHOPOAHA M W3ZOTPONHA, 
‘IIPM¥eM KOHTaKT Ha TpaHHWaxX XKeCTKHH, a pH Z=—2Z, HallpsMKeHHuA 
) paBHbI Hyio BHe HCTOUHUKAa. [lycTb B COAX HAM Ha FpaHHllax 3a/,aHbl 


CHIbl WIM HallpaxkeHHA, CHMMeTPHYHbIe OTHOCHTEAbHO (UKCHpOBaHHOH 


-HOpMasM K rpaHume (ocu Z) M MpeAcTaBuMble B Buse MHTerpason  Pypbe 
} m0 BpemeHu ¢ u NO paccTOAHMIO fr OT OCH 2; He Hapyliad OOIHOCTH, 
| MO%KHO CUHTATb, UTO ceKTp nO ¢ He 3aBMCHT OT Ff, a CHeEKTp no r—or ft. 
| Hafimem acumntToTuyeckoe NpeqcraBsenue cMelleHHH pH OOMbUIMX Fr. 


Pa3qeana ME PeMeHHbIe€, MOMHO NPeACTaBUTb COOTBETCTBYIOMLee pPerre- 


+ 00 : 
OW) = a \ U(p) eivt vo? (p, r, Zz) dp; ) 

(j) 3 

endl Ge &g (2; rT, P) 
I(p) 

he.z aa (B. 

g®) =e bAaes Chay 2 -+- Aag—2 fst + Ba | Asoo sh By 2 + Adg B, js 
q 


5 - sh Bz 
g@) = 6, we shagz+ Agg—s wg = bs poe ch By z + Aag By 


(q= 192 aeesjatt); 
} A aoa “4 _ ae 
Snes = 06 Agngre "2 + By Aanpee dee 
prt? eA gee CPt 


(2) ie 
Bnti = Onti Aanti € 

3ecb oo), v@) — KOMIOHEHTEL CMCLL€HUA B G-M CJOe MO fF HM NG 2, co- 
OTBeETCTBEHHO; oy — cmemenua OT CTalMOHapHoOro MCTOUHUKA C YaCTOTOK 
p, pacmpewesenHoro B MpocTpaHcTBe Tak Xe, KaK paCCMaTPuBaeMbIM He~ 
cTalMoHapHbli uctounuK; U(p)—cmekTp MCTOUHMKAa HO t; xontyp / uner 
ot 0 20 co BLOWS WeHCTBHTeEbHO OCH, OOXOAA OCOOBIE TOUKH CBepXy 
mo MasbIM momyoKpyxHoctamM; A,—onpeReuuTe mb CHCTEMbI TpaHHHblX 
ycoBui, MCCAeMOBaHHbIK B (:); A;—ompezesuTenb, NoayuaioulMice 
v3 A, 3aMeHOf auemenTos é-ro cTOOua CAeAYIOMMMM BeMYMHaMH: Hy eM 


1 f : 
naa 4k — 3-t, 4k — 2-H crpouex (& = 2,3,...,7 + 1), a, 28) naa t-H w 
4k —5-h cTpoweK, — = T(é) nua 2-% u 4k — 4-H crpouex; Z,u Tr — cnexkT- 
h 


pbl 10 rf HOPMAaJbHBIX M PakMaTbHBIX Halps@KeHHi Ha k rpanule; OCTAalb- 
HbEle OOOSHAYCHHA Te Ke, YTO H B ("). 
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Pemenne (1) u (2) cupaBeqauso no Kpaline Mepe Tora, Korya Ha 
6ecKkoneunocta U(p) yorraer Opicrpee p, a Zn (&) u Th (&)—M0 9KcnO- 
H€HIMQJIbHOMY 3aKOHY; 9TO OFpaHHYeHHe HECYMECTBEHHO, MOCKOAbKy HE 
3aTparMBaeT KOHCYHOH YacTH CIeKTpa. 

Uccaemospanne (1), (2) MoxKHO CBeCTH K aHatH3y OMHOTHNHBIX Ma- 
tpun A, u Ap, T. €., MO CyulecTBy, K aHatM3y CTPpyKTypbl TpaHHuHBIx 
YCNOBUM; IPH YTOM OHO OAMHAKOBO NpOCTO NPOBOAUTCA AA MOOOTO YuCIa 
énoes. Moxuo nWOKa3aTb, uTO NOAMHTerpadbHad dyHKuuA B (2): 1) He 
viMeeT B na0cKOcTH — ApPyrMxX OCOObIX TOUeK, KpOMe KOpHeH ypaBHeHUA 
yacror u Touek pasBeTBIeHHA +p /dny1, +p/ On41 (eCIM UCTOUHUKH 
pacnosOxKeHb! B Coe rf, TOUKAMM- pasBeTBeCHWA MOTyT ObITb TakxKe 
+ p/a; u -p/b,); 2) spasetca HeyeTHOH dyHKuMel § u NpHHuMaeT He- 
KOMIIeKCHBIe 3HaveHHA TIpH € > kpy1; 3) yOurBaeT Ha OecKOHeNHOCTH 110 
IKCHOHCHUMAIbHOMY 3aKOHYy- ae ! 

Srux cBoficTB LOcTaTOUHO, YTOOHI ONeHHTb VY) B OCHOBHOM aHaJOrH4y- 
HO TOMY, Kak 9TO Cfhemano B(*) WIA %#XMAKOTO CNOA Ha NOMyNpoctTpau- 
eTBe. IIpu 601bmux Fr : 


: R N i—— (i) i (pt—Er) . —— 3)7-1 ; 
ad): te ual km &q (6) e ae es Be 
of == We bi sich os x [1 Sitr + O (Anyi ry; 

(3) 


3necb N—uncuo0 WeHCTBHTCABHEIX KOPHeH XY, YPaBHEHMA UaACTOT, 3aBH- 
caulee OT Pp M 2g; IPH MOcTaTOUHO MawEIX 2, N=1 (?). 

Ecau OWHH w3 YX, COBMaqaeT C TOUKOH pasBeTBJICHHA MW UHCMTCIb 
NOMMHTerpasbHOH PyHKUMU B ITOH TOUKe OOpallaeTcA B OeCKOHEYHOCTH, 
TO TNOpAAOK yObIBaHHA OCTAaTOUHOTO ueHa OyeT paBeH |. 

TakuM o6pa30M, raaBHad uacTtb (1)—N unrepdepeHyMoHHbx («HOp- 
MaJIbHbIX») BOJIH, CKOPOCTbh Um =P /X%m HW WHTCHCHBHOCTb KOTOPBIX 3aBH- 
CAT OT YACTOTL] H MOLMIHOCTH C0eB 2,3; TOJbKO 9TH BOJHBI MOTyT Mepe- 
XOMMTb B CBOOORHbIe KONeOaHuA. Nccaeqya CTpyKTYpy MaTpHu, BXOAAMUX 
B-An, Ap, MOXKHO YCTAHOBHTb Ceylolulue CBOHCTBAa HHTeppepeHUMOHHHIX 
BOJIH: 

1, Jaa cKopoctTu cnpaBeqiuB, a JIA aMIVIMTY HE CNpaBeIUB 3aKOH 
JHHeEHHOTO TeOMeTPHNeCKOrO NoOLoOuA. | 

2. Mmeer mecto cBoeoOpa3Hbli pe3OHaHC OTHOCHTeIbHO MpocTpanct- 
BeHHOFO paciipe/eeCHHA HCTOUHUKA, NOSBOJAIOMNIMH perydupoBaTb YacToT- 
HYIO XapaKTepHCTHKY CHCTeEMBI: aMIIMTYZa NpOMOpmMoHatbHa He WHTeH- 
CHBHOCTH HCTOUHHKa B IeOM, a JIMUIb TOM KOMMOHEHTE ero CMeKTpa N10 fF, 
«QJIMHa BOJHbI>Y KOTOPOH COBMalaeT C X,,. 


3. Cpema BHe C0eB WelCTByeT Kak BbICOKOUACTOTHHI (PUAbTP: Cc YBeAH- 
YeHHEM PacCTOAHMA HCTOUHHKA UM TOUKH HaOJIOReHHA LO PpaHulle Koe6a- 
HUA 3aTyXaloT TEM CHJbHee, 4EM BEIMIe yacToTa. AmMaAuTyla BHe cr0eB 
YMECHbINAaeTCA C BOSPaCTaHHeM ZH ONPeMeMACTCA PACCTOAHHEM MO rpaHUIEl, 
He3aBUCUMO OT TOFO, Te BUpewesax ClOeB PacnOJOHKeH ACTOUHUK; TAKUM 
OOpasoM, HeMOCpeACTBEHHEIM HCTOUHMKOM HHTepepeHMOHHHIX BOMH CuIy- 
KUT Kak Obl CuCTeMa COeB B IeJIOM. ! 

4, Saryxanne © yBeIMyeHHeM P CHM2KAeTCA IPH NOMEMLeCHHH UCTOUHUKA 
B COM C H43KOM CKOpOCTBIO. 

5, IIpu Bospacranuu pz, HeKOTOpbIe rapMOHUKU NepexoAAT B OOHIUHDIE 
TpaHW4Hble BOJHBI, a Apyrue satyxaioT. Cpeaqu acumnToT qucnepcvoHHblx 
KPHBBIX CCTb IMHMK: X, = P/ Ro; Xm = P/U, 5415 Ym = P| Omin, re Ry — CKO- 
poctb Bo.H Pesea Ha cBoOonHOK rpaHuue; Ty,14;—cKopoctb Boan Toro- 
aamse (*) na l-rpannue; bmin—MHHUMAIbHaA CKOpOCTh NoNnepeyHHX BOWH 
B CAOAX, PasHOCTh OpAMHAT AUCMepCMOHHOM KpMBOH: H AaCHMNTOTE yO6nI- 
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‘/BaeT C BO3paCTaHHeM PZ, NO 3KCIOHEHWMaIbHOMY 3aKOHY WH NepBbIX 
{qByX aCMMNTOT uM Kak (pz,)° Aaa TpeTbeli aCHMITOTHEL. 

| @opmyust (3) w mepeynceHHEIX CBOMCTB OCTATOUHO, UTOOK! UCHOb30- 
jBaTb LA OWCHKM HECTAIMOHAPHEIX KONeOaHui (1) MeTroguKy, paspa6oran- 
‘jayto T. H. Merpamenem (°): cpenuaa uacrb cnexrpa mo ¢ onennBaercs 
'/METOJLOM CTalMOHapHOH asbl, a BbICOKO- H HH3SKOUACTOTHHIe KoebaHuA — 
(MCXO2A “3 NpHOmMxKeHHOrO pe ACTaBeHHA BY) A, MH Xm Ip MaJbIxX u 
OombpuimMx (cBofictBo 5) pzj. 

HcceqoBaHue NOKasbiBaeT, YTO pasIMUHbIe KOMMOHEHTHI CieKTpa He- 
/CTANMOHAaPHBIX KOTeOaHH pacMpOcTpaHAIOTCA C pa3M4YHBIMM CKOPOCTbIO U 
3aTYXaHHeM; 9TO OOYCJIOBIMBaeT H3MeHeEHHe (POpMbI, MHTCHCMBHOCTHU HM 
\) MOTApH3ayuu CMeWeHHH B Npolecce pacmpocrTpanennua. 

J\1a CpeMHHX YAaCTOT CylecTByeT MHTepBad CKOpocTeli, JBurasdch c 
KOTOPBIMH BOIb FpaHHUbl HaOmOMAaTe Ib, yMatAiouMacA OT UCTOUHUKa, 
Oy eT perucTpupoBaTb KONeOaHuA, 3aTyxaloulue Kak 1/7, c nepemeHHEIMH 
p4acTOTOH uw aMNIuTyOH (pasrpanwyeHue CpeMHHX, BBICOKHX H HU3KUX 

‘“aCTOT ONpemermeTca Mucnepcueli rpymmoBEx CKOpocteli). SroT unTepBar 
coBlawaeT CO 3HaYCHHAMH TpyNNOBoH CKOpocTuH. DKcTpemMyMaM uM TOUKAaM 


neperu6a rpynmoBpoli CKOpocTH COOTBeTCTBYIOT OCOOeCHHO MHTeHCHBHEIC 
h+4 


BOJHbI MOCTOAHHOH YaCTOTHI, 3aTyxalolmuMe Kak r 2¢#+2) (k — nopsoK 
HyJA MpousBOLHOK rpynnoBok cKopoctTu); ux PopMupoBaHue, NOBUAUMOMY, 
CBA3aHO C MHTepdepenwueH rpynn KomeOanul. 

Bpicokve YacTOTH! NpeACTaBJeHbI KOMeOaHMAMH, CKOPOCTb U 3aTyYXaHNe 
¢ TyOHHOH KOTOpbIX TaKHe 2%Ke, KaK Y OOBIUHBIX peeeBCKUX HIM Tpanny- 
HBIX BOJH. OHaKO MHHMM@JbHad “acTOTa +B Mpowecce pacmpocTpanenua 
BO3pacTaeT, YTO OOYCOBIMBaeT OONee CHJIbHOe 3aTyYXaHHe, COCcpemoTOUe- 
Hue 3HEPrHH B OKPeCTHOCTM rpaHHIbl C yBeM4eHHeM Fr, a TaK2Ke yOuIBa- 
“Hue Tepuoga (Kaxkymlaaca Wucnepcua) m0 worapudMuyecKOMy 3aKOHY pu 
yBeauuenuu r vu ¢; LAA #WKAAKOTO M CBOOOLHOrFO TBEPAoro cmo0eB NoceL- 

Hu addexT omucay B (4, *). 

Kowe6aHua Ha HH3KHX YaCTOTAX aHaNOrMuHb! BOJHaM Pewex B NOWy- 
|mpocTpanctpe C KOHCTaHTaMM HM%KHeH cpebl. C YyMenbuleHHem p 
; 

| 


NOpAMOK 3aTyxaHuA UpHO.mxKaeTca cBepxy K 77}, HO aMMAMTYa yOblBaer. 
B mpomecce pacmpocTpaHeHud 9HeEprud TepewaeTca us MpeAbIAy MAX 
‘as KoneOanua B nocaezywulme. B cBH3M C 9THM CKOPOCTb, u3sMepeHHaA 
Ha OOmbumMXx 6a3ax, paBHa TpyMMOBOH, a He MaJbIX 6a3aX (“HM 0 (a3o- 
-BOH KOppeaauun) — Pas0BOH CKOPOCTAM CTAMMOHAaPHBIX BOJH. 

Muorne cBolictBa HHTepPepeHUHOHHEIX BOJIH B MHOTOCJOHHBIX CHCTe- 
MaX IpeMCTaBAAIOT ONpeeeHHYIO KOMOMHAaMIO CBOHCTB KOeOaHHi B 
ONHOPOAHOM HW OHOCAOHHOM oynmpoctpancTBax (7%), 4To oOseruaer 
KaYeCCTBeHHYIO MHTeEpMperauHlo MU pacueTHl. 

AKTyabHOCTh U3YYeCHHA MHTepPepeHUMOHHHIX BOAH onpeweuAeTCA 
TeM, 4TO: 

1. Ax cKopoctb, @opMa, HHTCHCHBHOCTb M MOMAPU3allMA 3aBMCAT OT 
CTPOCHHA CPeAbI H, CMELOBATEbHO, MOTYT OLITb HCHOb3OBaHBI UpH CeHCMO- 
pasBeAKe, U3y4eHHM 3eCMHOM KOPbI, MpocexKuBaHuM MMKpOceHCM HM T. I. 

2. Ux pesonauc B 3HauHTeIbHOM cTeleHH OMpeweraeT CeHCMHYeCKHE 


CBOHCTBA IPyHTOB. 
3. BcseactBue OoOubmIOH MHTCHCMBHOCTH OHM COCTaABJAIOT cyllect- 


BeCHHYIO YaCTb CeEHCMHYCCKUX TIOMeX. 
Tocrynuso 


24 | 1954 


LIMTHPOBAHHASA JIMTEPATYPA 


1B. UM. Kefinuc-Bopok, JAH, 87, Ne 1 (1952). 20. UW. Wlepman, Tp. 
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64, Ne 6 (1949). 
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Aoxnage Akayemun Hayr CCCP 
1954. Tom XCV, Ni 4 


TEOPH ST VIUPVEOCTH 


B. A. CBEKJIO 


SAJAYA JISMBA fIPH CMELUAHHbIX TPAHWYHbIX YCJLOBHAX 
(Hpedcmaszeno axademuxom B. H. Cmupuossia 28 I 1954) 


Crporoe pemenue 3aqauv o gelicrBuH cocpeOTOYeHHOTO UCTOUHNKa 
QKoNeOaHuH Ha TrpaHule yupyro& moaynaocKocTu upu ycaoBuu, 4TO rpa- 
YHulla CBOOOLHa OT HalpaAxKeHui, WaHO Buepsble B padotax B. H. Cmup- 
}uopa u C. JI. CoOonesa. Huxe npusogutca pemenue 3agauu JlamOa npn 
} HEKOTOPHIX CMEMAHHBIX KpaeBbIX ycmOBuax. PaccmaTpuBaetca pelicrBue 
| KaCaTeCJIBHOTO MFHOBeHHOrO MMMyVIbca. 

| Ilocranopka 3afa4unM HM ee pemeHne. PaccmaTpuBaetca OAHO- 
)poqHaa yupyrasa nosynaocKkocTtp y<(0 c rpanuuei y=O0, Haxomamasca 
jupu ¢<.0 B noKxoe. B moment ¢=0, B Hauane x = y =O BbIOpaHHOH cu- 
| CTeMbI OTCYeTa MeHCTBYeT MIHOBECHHHIH KacaTeIbHbIM MMNysIbC oy =O, 
}try-~0. K noHaTHi BBeJeHHOTO 3eCb COCpeMOTOYEHHOTO B MpocTpaHcTBe 
“M BPeMe€HH BO3eHCTBHA IPHXOLMM OOBIGHBIM TyTeM, paccmMaTpuBax Wpe- 
“[[@IbHBIM CyyaH HeNpepbIBHO paclipeweeHHOH KacaTebHOH Harpy3Ku. 
Takum oOpa3som, upu t->O Baron Bceh rpaHHubl try=0. Jlanee, npu 
¢>0 npegnonoxuM BBINOIHeEHHBIMH yCOBHA: sy=O0, ecaun x >0, u 
v=0, ecm «<0, rne U— HOPpMabHAaA K TpaHMle COcCTaBsAIOMad BeK- 
Topa yupyroro cmemenus. Mexanuyecku rpaHvuHble yCJOBMA CJleBa OT 
'Havasa KOOPMWHaT MOryT ObITh HCTOJKOBaHbI Kak UpusunaHve 6€3 TpeHuA 
-K aOCOJIOTHO 2#KeCTKOMy Tey. TpeOyeTca HaliTH QBMKeHME CPeMH, T. e. 
yupyrue noTenunaibl o(x, y, t) u v(x, y, ¢), uMeloulHe B ycoBMAX Hameh 
gamauu mpenctapsrenue o = Re ®(6,), b= ReW(6,), rne ® u VW — anaautu- 
-ueckHe B BepxHeH nNomynamocKocTu dyHKuuyu; 8, u 6, onpememenHbl COOT- 


: ' 
-HomeHHaAMH t —6,x — V rie 2 y=0, t—0,x—Y 7— ® y =0; au b— 


CKOPOCTH IPpOMOMbHEIX M TOoMepeyHbIX KONeOaHui. PanuKabl cunTaeM 
NO1OXHKUTEMbHBIMM Ha BepXHUX Oeperax pa3spesos. 

Sanumem ycrospua Aaa dynKuui © u VW ua rpanuue oOnacTu. Papen- 
CTBO HY try BAOAb BCE Tpanuubl upx ¢>O maeT aan Bcex 6 = 6, = Oy: 


Re 26 i EE tees (h — 20) 0] =o. (1) 


H3 ycnopua cy=0, ecan x>0, un v=0, ecan x<0, BbIBOZUM, 
COOTBETCTBEHHO: 


Re[— (420) @ + 20)/ £— ew ]=0, 6>0; (2) 


Re = Vo 620! + ow" =) 6< 0. (3) 


@®yuKuuaA no, 3HaKoM Re B (1) HOuKHA pasmaraTbCA B PAL Jlopana c 
HEOTPHUaTeAbHEIMM CTEMeCHAMH B OKpecTHOCTH OcO6oH TOUKH § = oo, H 


MbI NOJY4UMM: 
y 1 , 1 7 7 t 
a 62 + (gr — 20) = ia, (4) 
137 


rule « — BemlecTBeHHad NOcTOAHHaA! Tak 2Ke Kak B OOBIMHOL 3anaue JIam6a,Oy- 
mem cuntaTb byukuuu © vw W" orpatnsennbimu Ha OecKoneunoctn. Ilo102%«uM 


—(4-—2e)or + 20 f 8 U' =A0H), (5) 
_y eo +00 =B(0) (6) 


Torga A u B cytb, COOTBETCTBEHHO, OrpaHHueHHad M UucuesaIOlad Ha 
, , [ 
6eckoneuHoctu dynKunu. Mcxmouaa usa (4), (5) u (6) ® u YW, nonyuum: 


B() F()—0(4,—2d) ia = LV L—&A (0), (7) 


: yee ens) eae 
rye F(6) = (= — 262) + 46? V Bon 6? Vi — 6?—qgyuKuua Penen u 


poe p/m oe | 

Jina peurenua walleli 3agqaum ZoctaTouno Halitu A (6). Ycnopun Ha rpa- 
HMIe NOMyuAocKocTH jaa dyHKuuu A(@) merKO MOryT ObITb BbIBELeHHI. 
V3 (2), (3) “ (7) cuenyet: Re A(6)=0, ecan 6>>—1/a; nanee, u3 (7) u 
ycnopua ReB(0)=0 aaa 6<CO BEIBOANM: 


\ : Warmer dnote 
ee ee eC opp ashy Can 


4 4 


ImA(6)=0, 0<—-. 


F (9 ; 
©) (8) 


@yuxuua A(6), TakuM oOOpa30M, aHaIMTMYeCKH MpOROMKaeTcA Ha 
yuactke §<¢— 1/6, npwuumMaa B TOUKaX, CHMMCTPHYHBIX OTHOCMTEbHO 
JICHCTBUTeIbHOH OCH, KOMIJICKCHO-CcONpAxKeHHbIe 3HaueHHA. I[lonarasn 
ReA(6)= f(6) wa ysacrke —1/b6<6<—1/a,. nerxo uatinem A (8), 
OTOOPa3HB NPC ABaPUTeJIbHO NOCKOCTh, paspe3aHHyWO BAOAb Ayua 8 > — 1/8, 
Ha BePXHIOIO NOJYMMOCKOCTb HW BOSBpalllaicbh 3aTeEM K cCTapoH mepeMeH- 
HoK 6: . 

VAPE SB (i ACG Vy ates 
AG) a ie Vig pat Con ey 8 x (8), (9) 
ib 


rae V1/6-+6 nosomuteren ua BepxHem Gepery paspe3a, 6 >> — 1/0. 
Hcnoap3ya neppoe u3 ycrosul (8), mpuxonuM kK caemyiomel 3amaye 
JIMHEHHOFO CONpAxKeHHA LIA PyHKuuu x (0): 


FOC O+FOxc @=4a VY = —(S—w)£,-Letc_4t, ag 


oe 1 Pa 1 1 . 
ore F(§) = (7 26) — 452 ee — 3 wes 7 ca XS) ui x7 (5) cyt 
rpaHuunble 3HaveHua dbyHKynu y(8) cBepxy um cHM3y ‘Ha yuacTKe 
—1/oci<—1/a. . : 

Pemenve saqauu (10), yosaerBopsiomee ycuosuio y(0) = — x (6), | 
Maercn dopmyaon 


—l/a 

_ ,X(0) FACTS | | 

0 —=—% > —= -18X (6 
ne \. Fe serene OF CL 
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—1/a 
exp E (Ge S| 


Tne & — BellecTBeHHad NOCTOAHHaA, a X (6) = cee esis = 
1 
Ste +8 
/ Xp (9) 1 1 1 E 
EY ee a eee 
y Seas V5 G )a 0) P() 


H3 (4) u (5) waxogum: 


2 


F (8) : 


20 Ye 8 ia (+ 20°) A (0) 


| Iloctosuuyto ® B (11) onpexenmmM u3 ycaoBun orpaHnyueHHoctu ®’ (6) 

u W’ (6) npu 6= —1/c, rae c—cKopocts BoaHpt Peres. B camom neue, 
PuacTb rpaHuubl yupyroH noOwaynaocKoctTu, rae x<.0, He cBoOonzHa OT 
HalpAKeHHH, WU, CAEMOBATEAbHO, B 9TOM ACTH TPaHHI[bl NOBEPXHOCTHHIEe 
BOJHbI Peweax He MOryT MMeTb MecTa. TakuM O6pa30M, OJ2KHO OBIT: 


2 4 re es 4 2 4 
7 eis —(G — 4) A(—-)=0, 
fen Aaet 


| [Vee VE-3 | ta0V FV 54] 
Mere | (22-4) =) Fromoess i 
X.(—2) (= — ze) io FOXS @(E+—2) 


Tlomarax A(6)=iaA,(6), Haiigzem oKOHUAaTeIbHO: 


1 1 


(12) 


| ( 
| W (0) = ia 

| 

Tloctosunaa o onpesensetca MO 3afaHHOM MHTeCHCHBHOCTH MMMYJIbCAa. 

. B camo eae, upv Ooxpmimx 3HaueHuax § uneHamMu B pemenHuu (12), 
-comepxauumu A,(6), MoxHO mpeHedpeub, Tak Kak A,($) ucuesaeT Ha 
| O€CKOHEYHOCTH; HO TOrga pemenue (12) copnaneT c Uu3BeCTHBIM pele- 
HueM OObINHOM 3aqaun JlaMOa, Kora OTAMUHA OT HYA JIMMIb KacaTebHaA 
-coctaBsiomaa Q umnyabca. Takum o6pa30m, «4 = Q/ 2r. 

Herpy4HO mpopepHTb TakxKe, YTO BelllecTBeHHEIe yactu dyuKuun 0 
om W’ na yyactke —1/a<6<1/a@ paBHbI Hys0, 4TO CooTBeTCTByeT Ha- 
suunio dpouta Bosmymenusa. Pemenue (12) orseyaer, Takum oOpa3oM, 
'BCEM YCJIOBHAM Ne€PpBOHAYAIbHO NMOCTABAeCHHOM 3aauH. 


Tlocrymu“a0 
15 XI 1953 


LWMTHPOBAHHAS JINTEPATYPA 


16. Ppank, P. Musec, Anhpepenunatbupie u uHTerpatbuble ypaBHeHH MaTeMa- 
TuYyeCcKOH cbusuKku, 4. II, 1937. ? H. W.Mycxeaumsuan, Cunryaspapre nHTerpatb- 


mble ypapuenna, 1946. 
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Hoxaage Anxagemunu Hayx CCCP 
1954. Tom XCV, N 4 


ACTPOHOMHA 


C. T. CJIIOCAPEB 


O PACCEAHMH CBETA CBOBOJHbIMU 3JIEKTPOHAMH 
B ®OTOC®EPAX 3BE3q 


([Tpedcmaszeno axademuxom I. A. Llaiinom 16 1 1954) 


B paoote B. A. AmMOapuymana (*) On1n0 BriepBble OGpamjeHo BHUMaHHe 
Ha TO, 4TO B Gorocepax ropsyHx 3Be3 OONbUyIO pOwb B MepeHoce 
M3 yYeHHA urpaeT pacceaHHe CBeTA CBOOOAHBIMH 3CKTpOHaMH. OH noOKa3an, 
‘4TO B pe3ybTaTe MaHHOTO mpomecca adeKTHBHaA TemMepaTypa 3Be3bI 
)MOXeT ObITb HHXKE UBETOBOH TemnepaTypbl, OMpewesHeMOH NO ApKAM 
JMHMAM. 
_ flarpueitmee ucceqopanne aexTos, BOSHUKAaIOIMNMX BCE ACTBHE 9eKT- 
POHHOrO paccesHuA, Onl0 npoBezeno B. B. Codouesnim (?) u Uanmpace- 
Kapom (*). Mn Oni paccMoTpeH Bompoc 0 NOJApusalMu u3sTyYeHuA 3Be3Z. 

B HacToaleH cTaTbe yKa3biBaeTCca pA Apyrux apdekTosB, K KOTOPHIM 
IpPHBOAUT HaMuHe OObINOFO YHCa CBOOOAHBIX IACKTPOHOB B aTMOC(epax 
FOpAUMX 3Be3L. 
_ TIpexye Bcero mokaxeM, 4TO OTHOMIeHHE oObemMHOrTO Koappunuenta 
3ICKTPOHHOTO paccesHHA oy K OOBEMHOMY KOapuyHeHTy McCTHHHOTO 
NOTAOWLeHHA Oy B BULMMOH OOMACTH CNEKTPa MOXET OBIT BEChMa OOUbINUM. 
Kak u3BecTHO, OObeMHBIM KOSPUuUMeHT pacceAHUA CBOOOAHBIMM 3JeKTPO- 
“Hamu olpefesetca opMyson: 


8 2 2 
oy = the (ae) (1) 


‘THE Ne— 4MCIO CBOOORHHIX 3eKTpOHOB B | cmM*, € — 3apay 9eKTpOHa, 
-m— acca 9eKTpoHa, C—cKOpocTb cBeTa. UTro xe KacaeTCA OObEMHOFO 
Kospduuwenta norioumenuaA B yacToTe ¥, TO AAA BOMOpOa OH paBeH: 


16n%e°kT 1 Qe, SV 1 xg lh 
5 Res ec e Breese ae 
y= Nall 5 ch Omen | | RT De (2) 


3necb n* yucn0 HOHH30BaHHbIX ATOMOB B | cm®, k— nocTrosHHasd Bowbumana, 
A —noctosnuan IInanxa, y¥; — NOTeHIMa HOHM3ANMM U3 BOsOy2KLeHHOTO 
cocrosHua, 7— Temnepatypa. Crporo rosops, B dopmyax (1) u (2) naa yuera 
OTPHUATEAbHOTO MOTAOMeHHA Hao BBECTM elle MHOXKUTeENb (1 —e~"V/h?), 
‘OHaKO Tp HaXOKEeHWM OTHOWICHHA Sy/%y ZSTOT MHOXKUTCAb COKPATHTCH. 
'  3HaueHud OTHOWIeCHHA 9, /%y B 3ABHCHMOCTH OT JVIMHBI BOJHBI A MW TeMMe- 
patyppt 7 npusezenst B Taba. 1. Iipm seryucaenuax MpHHATO nN* = Ne, 
a JIA Me B3ATO 3HaueHHe 101%, uro COOTBeETCTBYeT KOHICHTPpauHu CBOOOHHIX 
‘QNCKTPOHOB B POTOCHePHbIX COAX. 

M3 ta6x. 1 sugHo, uTO MpH NpHHATOM KOHWeHTpalun CBOOOAHEIX 
QJIeKTPOHOB u TeMNepatypax Ooubute 50 000° orHomeHne 9 / 4 3HAYMTEbHO 
MpeBOCXOAUT CAMHULY Kak B BUAMMOH, TAK M B YAbTpapuoseToBon wacTAXx 
clekTpa. 

Jina BHIACHEHUA POH 3IEKTPOHHOTO paccesHuA B aTMocdepax 3sBEe3z 
paccmoTpuM cuemyroulyro 3agauy. Ilycrb umeetca IJIOCKHH COHN, B KOTOPOM 
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TIPOMCXOAUT M3y4YeHHe CBeTa, HCTHHHOe NOPOMeHHe WM PacCCeAHHHE CBO- 
6ORHbIMM 3IeKTpoHamu. CooTBeTcTBylolue OObeMHbIC KOIPPUUMCHTHI 060- 
3HAUMM Yepes cy, ty HM oy, JLAA MpOCTOTH! OyeM CUNTATb, YTO OTHONICHHA 
ey /dy MW oy/% MOCTOAMHHBI BO BCeM Coe, IIpu ceaHHbIx MpeAMOTOKeHUAX 
HaleM NOTOK W3yYeHHA, BEIXOLAMMH M3 COA B YaCTOTE V. 

B maHHOM cayyae ypaBHeHue Mepenoca u3s1yyeHuA uMeeT BUT: 


ol, (z, > 
cos = (a tah(z, tat alhe ne, 


Oz 
Ter y (2, $) — HHTeHCHBHOCTS U3yYeHHA, HAyulero Ha rayOune Zz NOD 
yriom 0 K HOpMaJIH. | 
Peuiaa ypapnenue (3) OObIdHEIM B acTpou3suKe MeTOAOM, Nodyyaem 
BbIPAKeHHE A NOTOKA H3YYeHHA ‘B WACTOTE V: 


0 
Bhyty 


e+ are aay] 


0 

Rats 
: \ 2+ R, 2hye’ °—-2+k, 
H, = 4x — l« Ry) e ; (4) 


a, +o 
3necb k? = Fat ae 


v 


UW ty ECTh ONTHYECKAA TOAMMHA COA, OOYCOBAeHHAA UC- 


THHHBIM MOTIOMCHHEM B YaCTOTE Y(T, €. tT = %Zo, THE Zo — TOMMMHA COR}. 
ae __Paccmotpenue Bbipakenna (4) npr- 

TaOauna 1 BOUT K CJCAYIONMM BbIBOLaM: 

OtHomenue o,/a, 1 OnmeKTpoHHoOe paccen- 

HHe cunocoOcTByeT Nepepa- 

400 000° 6o0TKe u3ayueuuan. C nepsore 


AA | 60 000° | 80 000° 


B3IIAa MOMKET NOKA8ATbCA, YTO CBO- 
OOMHbIC IICKTPOHBI HE MOTYT NpHHR- 
oe ao tae aie MaTb yuacTHA B WepepaOoTKe u3J1y- 
4,000 12.5 16.0 19,2 ueHHaA, TAK KaK B Wpomecce paccex- 
3500 10,0 15,0 19,5 HMA UaCTOTAa M3 YYeHHA MOUTH HE Me- 
3000 16,4 24,0 31,0 HaAeTCH. OWHAKO B JeHCTBUTCAbHOCTH 


9TO He Tak, H MBI celiuac NOKaxKem, 
UTO IJIEKTPOHHOe paccexAHHe YCHMMBAeCT HCTHHHOe MOrAOWeHMe B Cw0e HU 
TeM CaMbIM CnHocoOcTByeT NepepaboTKe u3myueHuaA. 
Tyctp £y—9uneprus, normomennan B canoe; Ey — neprus, u3ayyennas 
B caoe. Mbt umeem: 


0 fy 06 
y= 4r25 = am, a Tu 
Vv 


OueBHAHO, ITO AONA KBaHTOB, NpeTepMeBmuxX UCTMUHHOE NOTMOWeHHE 
B ClOe, paBHa: 


“Ey wea eee aH, 5 
E° ey F° cat ae F° 9 i Rea (©) 
v v v 


B ra6a. 2 mano ornomenne F,/ F}, sbtuucaeHHoe Ha OcHOBaHHU (OpMy JB 
(5), B 3aBuCMMOCTH OT ONTMYeCKOH TOANIMHE ty Hu OT OTHOMEHHA oy / ay 
H3 To TaOumybl, HANPMMeP, BUAHO, YTO mpu 7v=0,5 u oy /a—=10 8 coos 
NOrWOUaeTCA Takad 2Ke MOA 9HeEprun, KaK uw upu wW=1 uo =—0, 

Takum oOpasom, HaMuNe 9JIEKTPOHHOLO pacceAHUA BEET K YBCMUCHHK 
aPPeKTUBHOH ONTHYECKON TOAMMHD! COM, OOYCAOBMCHHOL HCTHHHBIM HOTWO: 
meHuem. C (busvyecKoll TOUKH 3peHHA 9STO BHOMHE NOHATHO, Tak Kak 
OmarowapA 2ACKTPOHHOMY paccesHMIO HyTh KBaHTa B coe BOspacTae’ 
WM BCJCMCTBUe 3TOTO BEPOATHOCTH HCTMHHOTO NOTAOULEHUA yBeNMUMBAeTCA 

2, DAEKTPOHHOE pacceAHune H3IMEHACT WRETOBYIO TEM 
meparypy. Odpuno Kospduynent ucTuHHoro norsouleHua 3aBNCUT 0 
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YUaCTOTHI, a 3HaUMT, HM OTHOMEHHE oy/ a MCHACTCA BAOMb cneKrpa. Beues- 
CTBME STOTO POJb 9ACKTPOHHOTO paccesAHuA Oy LET pasmM4HOn MIA pasHEIX 
faacror. Ilockoubky powb 9eKTPOHHOFO paccesHUA COCTOUT B yReaHYenuA 
JapdbexTuBnoro Kosddunnenta HCTHHHOTO NOrAOMeHUA, TO MOXKHO CKaszaTD, 
'4TO 9JIEKTPOHHOe paccesAHHe oe i> 
Oy eT yBeIMUMBaTh UCTHHHOe TaOauna 2 
NOroueHHe OCOOeHHO cHAIb- 
HO B TeX yuacTKax cleKTpa, 
Te OHO Maso, T. €. H3MEHATH 
}erO B CTOPOHY BbIPaBHUBaHUA. 
|. Tonycrum, uro B paccmar- 
puBaemolH oOmacTH cmeKTpa 
KoopmuuHenHT Norsowjenusn 
yObIBaeT C BO3PacTaHHeM 4a- 0 
croThl. Torga, Onaromaps 0 
Q@KTPOHHOMy paccesuuio, 4 : 
KospmulHeHT  TNOTOMeHHA 
yBemuuutca B CuomeToBOl uacTH cmeKTpa Ooubme, 4emM B xKpacHoli. 
| CreqopateibHO, OTHOMIEHHE HHTCHCMBHOCTH (buomeTOBOH uacTM cneKTpa 
Y he he '  KMHTCHCHBHOCTH KpacHon yac- 
Ta6auna 3 TH CIe€KTpa YMeHbIUMTCA. ITO 
Ilpetopas temneparypa T, osHauaeT, UTO UBeTOBad TeM 
nepaTypa 3Be3Qbl B JaHHoM 
cayuae NOHM3HTCA. 
oe 40 000° | 60 000° g0.000° +} 100 000° YKasannbli sppeKT MONK 
*KeHUA IBeTOBOH Temmepaty- 
pbI MOMKET OKA38ATbCA BECbMA 
0 40000 | 60000 | 80000 | 100000  CHububIM. Uroobt yOequTbca B 
1 22000 | 25900 | 28600 31 200 39TOM, HaHJeM UBeTOBYI0 TeM- 
he 15 400 17 000 148 000 18 800 mepaTypy 3Be3/bl, BOCTOJb- 
co 


Otuomenue £,/E° 


Hone eae ee fee 30BaBINMCb NOJYYCHHOH BBI- 
me cdbopmynoh (4). Toaaran 


|B (4) Woo uw cuntTan, 4TO B oTocdepe ocyllecTBAAeTCA TepMOAMHA- 
MuueCKOe paBHOBecue, NOy4aeM: 


-: 4r 2hv? 4 
== V3 ce aw is &, jj a) ME 2 c2 ev |kT ane 


Hs (6) 


Kak u3BeCTHO, UBeTOBaa Temmepatypa J, OMpeeAAeTCA M3 COOTHOIMECHHA: 


is 
= 
=] 
= 
— 
ow 
= 
> 


dy oy Pre kT, (7) 


0 
TlogcraBaad B 3TO cooTHOMeHHe BbIPaxKeHue Hy, onpemeunemoe op- 
} Myson (6), u cuuTad, UTO %~1/v?, Haxoqum: 


hy 4 ‘l 4 sai Roy 1 
| oz . = ee ibe 4—e [kT it 2) a, (fi aie oy | + DV 3) V {| ak 5, / %y 


. mm 

3uauenua WUBeTOBOH TemmepaTypbl 7; B 3aBHCHMOCTH OT TeMMepaTyPpbI 
‘dorocieprl T u oTHOMIeHUA 9, /% IIPMBECHHI B taOa. 3. IIpu cocraprenuu 
) ra6 MUI ODIO NpuHATO hy / k = 30 000, uro cooTBetcTByeT o6macTu CieKTpa 


pOau3u JaHuu He. 
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H3 ta6a. 3 BuO, 4TO WBeTOBaA TeMMepaTypa OUeHb ObIcTpO yObiBael 
© POCTOM OTHOWeHHA oy/% H axe mp HeOOMbIUMX 3HAYEHHAX 9TOFC 
OTHOWMEeHHA SitbeKT MOHMKEHHA WBeETOBOH TeMMepaTypbl BeCbMa 3aMeTEH. 

3. DaekTpouHoe pacceHHne H3MECHACT CKAYOK HHTEH- 
CUBHOCTH y rpaHul cyOopsunaTHbIX CepHH B HENPEPHB 

HOM cnHekTpe 3Be3f2bI. Kak u3- 
Ta6auna 4 BeCTHO, CKAUKOM HHTCHCHBHOCTH Y Irpa- 
HHIbl C€PHH Ha3bIBalOT BeJIMUMHY, Ope 


HHTeCHCHBHOCTH D 
CKkayox Te@AAHeMYIO COOTHOMICHHEM 


°o o ° Jul € ‘ 
| 60 000 go 000° | 100 000 D ton pee yet ; (8 
Hye 
D 0,09 | 0,076 | 0,065 
D, 0,26 0,20 0,16 re y— YaCTOTAa, COOTBETCTBYIOMaA rpa- 


« 0 
Huue k-fi cepun, a Ayny.u Hy,—2—3Ha- 
UCHHA MOTOKA, BLIXOMAMerO C NOBEPXHOCTH 3Be3qbI B yNAacTKaX HeNpe- 


PbIBHOTO CHEKTpa, HENOCpeACTBEHHO MpHseraiwwux K rpanuue cepun. Jas 
oupeeteHua BeamunHE! D Hao no_cTaBuTb B dopmyay (8) Bblpaxenne 


maa notoka Hy us (6) wu ucnoab3s0BaTb dopmyan (1) u (2) naa Kosg- 
(UILHEHTOB Sy HY, 

B raoa. 4 WaHbl 3HauveHHA CKauKa HHTeHCHBHOCTH D y rpaHulbl BTopor 
Ce€pHuH BOMOPO Ma, BLIUHCJICHHbIC B 3ABHCHMOCTH OT TemMepaTypb! corocde- 
ppt 7; Wad ComocTaBAeHHA MpHBeeHbl 3HaueHHA cKauKa Dy y rpaHulyl 
TOH 2Ke CepHH BOAOpOMa, BLIUMCeEHHbIC AAA CoTocdepbl c WUCTO peKoM- 
OMHaIHOHHBIM CIeKTPOM, T. €. 6€3 yyeTa HCTHHHOFO NOFAOMeHUA UM ICKTPOH: 
HOTO paccesAHHA. 

H3 Ta01. 4 BULHO, TO 9ICKTPOHHOe paccesHue YMeHbINaeT BeTMYHHY 
ckauKa y pesestos cyOopAHHaTHBIX cepuil. 

B 3aKkuoueHHe OTMeTHM, YTO aHasorMyHble IPpPeKTh! MOMyVaIOTCA U npM 
pacCMOTpeHHH NPOTAKeHHHIX toTocdep 3Be3q Tuna Boubd-Patie. 


Tloctynnuao 
1 1.4954 | 


UMTHPOBAHHASA JIMTEPATYPA 


7B. A. AMOapuyman, Yu4. gan. JITY, 22, Ne 4 (1938). 2B B. Co6oues, 
Yu. 3an. JIPY, 116, Ne 18 (1949). 3S. Chandrasekhar, Ap. J., 103, 354 (1946) 
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Woknaagn Akayemun Hayxr CCCP 
1954. Tom XCV, Ne 4 


PHSHKA 


MW. E. BAJIBIFHH 


OCOBEHHOCTH JJIEKTPHYECKOFO NPOBOA 
CHJIBHO MOJIAPHbIX KUN KOCTEM 


(ITpedcraeaeno axademuxom A. ®. Hodde 26 I 1954) 


IIpu ompirax c 9JIeKTpHYeCKHM Mpo60eM HeOOJbUIMX MpOMexKyTKOB Jle- 
‘{THJWIMPpOBaHHOH BOMbI, aleTOHa HM STHJOBOrO CHMpTa OOHapyKeHbl MHTepec- 
"ble OCOOeCHHOCTH, He CBOHCTBeCHHBI€ HeMOJHpHLIM %xuAKOcCTAM. Uro6pr 
ClaOHTb TepMHYecKoOe eHCTBHe TOKa B pa3pARHOM KaHaJle, OMDbITDI 
POHSBOHJMCb IPH MMMYJIbCHOM Halps.KeHHH HM OrpaHHyeHuu STOrO TOKAa 


(M@. Hampsaxenve Ha ACKPOBOM MIPpOMexKYTKe HM TOK, TeKYIHii Yepe3 Hero, 
ANHCHIBAJIMCb IPH MOMOLIH BbICOKOBOJIbTHOrO KaTOMHOTO ocrlHorpada. 
\[pHHIUMNHalbHad CXe€Ma OMbITOB MpHBewena Ha puc. |, re r — orpanuunBa- 
pulee COMpOTHBJIeHHe, C — M3MepHTebHbIM cocyn u R= 10% — 2-108 om — 
OMPOTHBJeHHe JIA H3SMePeCHHA TOKOB. 

Ha puc. 2 npwBefeHa cepua oclluaorpaMM mpoOoes ecTHJIUpoBaHHou 
Jom. Ha puc. 2,/ 3amucaHbl OCUMJIOrpaMMbl TOKa Ip mpo6e npoMexyTka 
,2 MM MexXKjly CTaJIbHBIMH WapamMu @d=11 mm. Hanpsaxenne mpn 3anucn 
focTelleHHO Nopbilalocb. TopH30HTaJIbHble y4acTKH @ TipeAcTaBAloT coool 
@JIMYHHbI TOKOB IIPOBOAMMOCTH BOJHI 34 BPeMA 3alla3bIBAaHHA B PpasBHTHH 
po6oa. Ilepuog rpagzyupoBouHblx 10 BpeMeHH CHHYCOMAAJIbHBIX KOJeOanHnit 
a ocw aOcllucc STHX HM BCeX MOCJeMYIOMMX OCIMJIVIOr(paMM, y KOTOPbIX HeT 
[pPANYMpOBOUHHIX UNdp, paBeHw 2,5 p cek. 

OcuusasorpaMMpl Toka puc. 2,// 3anucaHbl Mp Mmpoboe MpoMexyrTkKa TOKa 
|,2 MM M@XKLY OTPHIaTeIbHBIM CTAJIbHbIM OCTPpHeM MH JaTYHHOM MVJIOCKOCTbIO. 
danpsKeHnve Ip 9TUX 3allHcAX ToO*e M0- 

bIIMaOCh OT OHO OCIMIOrTpaMMbl K& —~ > 

ipyrok. B omHom cilyyae mpoSoa mpome- 

\kyTKa He NocweqoBalo (ocilvWorpaM- 

aac) MW Obl 3alMcaH TOJbKO TOK MpoBo- 4 

wumocru. OcunsmmorpamMa Toxa /// 3ann- 

saa Mp mpo6oe Takoro Ke MpoMexyTkKa, C 

[0 Me*KTyY OCTPHAMH; OCI[MJIOrTpaMMa R 
roka [JV 3anucaHa pH mpodoe mpome- = ae 
iKyTKa 1 MM MexLy WapaMu; OCLMIVIO- 

/pamMa V — pu mpo6oe TO*Ke MpoMe- Puc. 1. [IpununmuaibHad cxeMa Mpo- 
ikyTka 1 MM, HO MexKZy OTpHIaTe/IbHbIM OAS AL ines 

DCTPHeM H MJIOCKOCTbIO, HM OCIMNOrpaM- 

1a VI — upu mpo6oe mpoMexytTKa 5 MM Me2K/ly CTaJIbHbIMH OCTPHAMH. 

Be3 nepenanpsxKeHuli Ha HCKPOBOM MpoMexyTKe pa3sBuTHe mpobos je- 
\THJJIMPOBAHHOM BOAbI MPOMCXOLMT MpPePbIBHCTO, KaK 9TO MOXKHO TIPOCJeHTb 
o mukam 6 puc. 2,/ u IJ. Tiporpeccusno passupatoululica mpoooit_noqas- 
(eTCA HU Yepes HeOONbINOM OTpe30K BPeMeHH Pa3BHBaeTCA BHOBD. IIpu no- 
bbILMeHHM HalipsvKeHHOCTH NOMA Mpo6ot pasBuBaeTca HeMpepbIBHO. M3 ocituu- 
\orpaMM BMHO, YTO BO BPeMA TOPeHHA MCKPbI B AeCTHMMMpOBAaHHOH bore 
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A kamognomy 
ocuunnoepagy 


DAH, 1. 95, Ne 4 


MPOMCXOMAT OYeHb GBICTPbie YaCTHYHbIe OOPHIBLI H MoOCJeMyloulMe CKAyKA 
TOK, BbISbIBACMBbIC ACHOHH3AWHOHHBIMH WM MOHM3AIHOHHBIMM MpolleccaMu B 
wla3Me KaHawia. IIpu pe3ko HEOMHOPOMHHIX MOMAX Yepes BMOJHE ONpeWeJeH- 
Hble MepHOMbI BPeMeHH HaGMOLalOTCA MOJIHbIe OOPbIBbI TOKa paspsAa Mm (CM. 
puc. 2,//,//I u V). Tok npoBoyuMocTH TIpH 9TOM He MpepbiBaeTca. B ucKpo- 
BOM KaHaJle mocule 3aBepUleHuaA poo, CleMOBaTeMbHO, CO3MaloTCA S/lAaro- 
IPHATHbIC YCIOBUA MIA NOABJICHMA CKAYKOOOPasHOK MeHOHH3aUMA HM BOCCTA- 
HOBJICHHA JLM3JIEKTpHYeCKOH MpOUHOCTH KaHawla. 

Ilpu ompememeHHoH cule TOKa M HallpsxKeHHM paspxAy MpekpallaeTca. 
Uem 6oulblile JWIMHa MCKpOBOro MpoMexkyTKa, TEM Ip OoubWeM TOKE H Ha- 
IIPAKEHHM MPOMCXOMMT 9TO MpeKpallieHue (cm. TOUKH & ociuorpamm [V— 


a I g Mm 
069 068 (. 
046 a) 046 
023 G F 023 

0 0 

138 
138 
092 Vv 
046 
k 
“ 
0 


oe oe 4 at 1 4 


Han 0 a 46 760 1060 0 20 476 750 1066 
pe cek fe Cee 


Puc. 2. OcyndJorpaMMbl TOKa IIpu NpoO6OAX BHEOOMbINMX MPOMEHYTKOB WECTHAMAPOBaHHOH 
BOJbI 


VI). Tlo ocwusaorpamme JV BugHo, 4YTO B CJlyuae paBHOMepHOro MONA 4a} 
CTHYHbIe OOPbIBbI TOKa 3a BPeMs TOPCHHA MCKPbI MOUTH COBCeM MIpekpalllaior) 
ca upH /=1 mM. B cayuae #%e pe3KO HeEOMHOPOAHOrO MOA TO we CaMod 
mpoucxonzuT npw /=3 MM. 

OueBuAHO, UTO IPH TaKMX JIMHaX HCKPOBbIX NPOMeEXYTKOB BO BPeMA TO) 
PeHHA HCKPbl HOHH3aIMOHHbIe MpOMecchl Npeob/awaioT Hal, MEMOHH3aAUHOH| 
HbIMM, WOKa HallpA2xKeHHOCTb IIpHO*KeHHOrO MOA He CHH3UTCH TO KpUTHUE 
CKOli BEIMYMHbI H He NosyIuT Upeoc6Mananua Wenonusaunsa. Tlocnequaa pas} 
BUBaeTCA ABTOKATAJIMTHUYHO UH paspxA, OUeHb ObICTPO MpepbiBaerTcs. | 

Ocl{HJIOrpaMMbI HallpxxKeHUA, 3alMCaHHble MpH Wpo6oe aleTOHa U ITH) 
JOBOrO cHupTa, WpuBeweHbl Ha pue. 3. Ilpu onbirax orpanwunpBalonlee Co} 
IIPOTHBJIeHHe fF BKNOUAIOCb TaKOM BeJIMUHHEI, UTO CHJla TOKa B UMcKpe Hd 
upepblitasa 1,2 a, a coupoTuBleHHe R (cm. puc. 1) wWyHTupoBasocn. 

OcuusiorpamMa J puc. 3 3amucaHa mp mpoboe alleToHa Mexy OTP) 
T@JIbHbIM CTAJIbHBIM OCTPHeM HU JlaTYHHOM MVJIOCKOCTbIO Ha OTaJcHHy 
/—=3 MM; oclMorpamMa JJ cHATa pH upoboe Toxe alleTOHa, HO MexKIY 
MOJIOXKUTCIbHBIM OCTPpHeM (3a3€MJICHHbIM) M TVIOCKOCTbIO Ha OTAeHH 
{=3,5 mm. Ha ocuMauorpaMMax IYHKTHpoM OOO3HayeHbl aMIJIMTYLbI Hal 
IIpPA2KCHHA HeHCKayKeHHOrO UMMybca. Bpema fO TOUKH A MOKHO cuUNTAaTY 
BpeMeHeM CTATHCTHYeCKOrO 3ala3LbIBAaHHA, a OT STOM TOUKHM MO Kpyrord 
clafa — BpeMeHemM (hopMupoBaHHa npobos. Crob AIMTebHOe MopmuUpora| 
HHe XapaKTepHO JIA CHJIbHO MOJIAPHbIX MRKUAKOCTeH BOOSULe. | 

IIpu mpoboe HalpsxKenHve NOUTH cMaasio WO HYJIA, HO Yepes OUeHd KOI 
poTKHH MepvOA BpeMeHH, BCJIesCTBHe CKaYKOOOPa3HOli ACMOHU3ANNH UCKpOl 
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BOro KaHaJla, paspAL WeJIMKOM IpepbiBaJIcH; 3aTeM CAeMOBa HOB Mpodoli, 
4 Tak HECKOJbKO pas. B oTyeubHBIX CJlyYanX MpH OTpHaTebHOM ocTpHe 
DbIO 3adukcupoBaHo 3 u 4 o6ppiBa, HO B CJIyYae MOMO*KUTeMbHOTO OcTpHA 
paperucTpupoBana ocoban chopMa pa3spaa — cepulino-mpeppiBuctas (ocuMI- 
morpamma //). 3necb mocwe 5-KpaTHoro MpeppiBanuaA paspaga, Korma Ju- 
PUEKTPUYECKAA MPOYHOCTh MPOMeKYTKA BOCCTAHABJMBAaCb MOUTH MOWHO- 
PTbIO, 3allWCaHO elle OYEHb OOMbIOe YHCO (cepHA) cwIeMyIOMMX pyr 3a 
IpyroM Mpo6oes MpH sHayHTeAbHO MCHbIINX Halps2KeHHAX. 

| Ilpeppipucrpii xapakrep paspaqa 3aduKcupoBaH M mp ompitax c oTH- 
TOBbIM CNMpTom (cm. pue. 3, ///). OctuanorpamMpl sto durypHl samucanbl 
IpH mpo6oe MpoMexyTKOB pa3IM4HOH WIMHEI MexLy OTPHUaTeJIbHbIM 
XCTpHeM HM WlockocTpio. HwxKuasd ocuMorpamMa d 3amucaHa pu mpodoe 
eae /=1,5 mM, cpequaa npn /=2,25 mm u BepxHad mpu 
= 2,75 MM. 


es eo cr ls en nn one a 
0 56 128 AO cek =) 58 126 = 240 pecek. 0 58 128 210 ecek. 


Puc. 3. OctwasorpamMbl NanpsaxKeHMA MpH Wpo6osx aleToHa HM 3THOBOrO cHupta 


IIpu orpanwyuenun TOoKa B pa3spsxHOM KaHasle TeMMepatypa ero ycTaHaB- 
MBaeTCA He HACTOJIbKO BbICOKOH, YTOObI MOF OBITb CO3aH H3ObITOK 3aps- 
(KCHHBIX YaCTUL OT TepMHyecKoH HOHH3alHH. Ilostomy xapakTep pa3psaqHoro 
PEKHMA B 3HAUYNTeJIbHOH CTeMeHH OpeweAeTCA MeMOHH3allHOHHbIMH Itpo- 
(eccaMH. 

Uacruunble HW NOJHbIe OOPHIBLI TOKa MPH pa3spxAe MOXKHO OODACHUTS HH- 
PCHCHBHbIM 3a4XBaTOM CBOOOJHBIX 3JIEKTPOHOB CHJIbHO HMO.IAPHBIMH MOJIeKy- 
[(AMH 2KUKOCTeH, a TakxKe XHMMYeECKHMM J[eHCTBMeM payuKaJoB, OOpas3yio- 
Kuxca OT TepmMuyecKoroO addekTa Ww MOrsOuleHHA MOJIeKyYJaMH KBaHTOB 
PibTpaduoneroporo csBeta (1,7) B ayeToHe mo peakuuu (CH3)sCO— 
i> CH; — CH3 + CO; B atun0Bpom cnupte CsH;0H ~ CH2 = CHe2 + H:O0 
mB Bone: H.O ~— H — OH. 

IIpu mpo6o0e mpomexkyTKa HW CHHKeHHM HalpsAXKeHHA TO OUCHb MaJION Be- 
WHUMHbI CO3MaIoTCA O/IarOMpHATHble YCJIOBUA JIA 3aXBaTa JJIEKTPOHOB HM CO- 
}MMHeHHA CBOOOAHEIX pauKaJIOB C HOHH3AlMOHHbIMM MOJIeKyJIaMH, KOTOPbIe 
PIM HeMTpaJIM3yIOTCA WIM WelawoTCca MaJIONOJBYXKHEIMH. 


Iloctynuao 
dlrs) We an) ye) 


IIMTHPOBAHHAA JIATEPATYPA 


1Y. Yotrepc, Xumua cpo6omnbix paguKanos, 1948, crp. 17. ® i. ?. Mape K, 
. A. Tan, Katanutuyeckoe okucyenve opraHnyeckux coesquHeHnh, 1936, cTp. 39. 
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Horaagn Akagemuu Hayx CCCP 
1954, Tom XCV, N 4 


PH3BHKA 


®. TAJIBMEPHH, HW. KYMPHAHOB u B. MAH®HJIOB 


MCCJIENOBAHHE g-PAKTOPA HEKOTOPbIX ®EPPOMATHETHKOB 
(ITpedcmasnexo axademurom JI. J. Janday 20 I 1954) 


Hamu Obliv uccaelopanbl deppomaruurTuble MaTepuasnt: MnO-(Fe,Os); 
WM MapraHWeBoO-UMHKOBHIN deppuT (MnZn)O-Fe,O3. Stu deppomarneruxn 
[MbI NOJyuHIH MeTOZOM peakuuH B TBeEpAOH dase, oOecneunBaouleh 
|MpakTHueCKM COBeplIeHHO 4uNCTHIe BellecTBa (’). 
| H3mepavica 2-akTOp CHeEKTPOCKONMMYECKOLO pacienmeHuA B 38-CaHTH- 
MCTPOBOM fManasoHe JWIMH BOJH JBYMA MeTOJaMH: 0 MaKCHMyMy 
}MHHMOH 4acTH ve” WM MHHUMyMy eHCTBUTeCJIbHOH 4acTH »’ KOMIWeCKCHOH 
)MarHuTHOH MpoHMuaeMocTH p* (MepBbIf MeTO) H MMHUMYyMy KBaypata 
MOAYAA Kosdduuuenta oTpaxenua |R|* (BTopo# mero). Tlocaenunit 
M3MCPAJICA IPH NOMOWM «TBOHHOTO ‘ 
TPOHHMKa), MCHOJIb3SOBaHHOTO Kak % 
HaupaBJIeHHbIH OTBeTBUTeIb. Oba 10 
MeTOa U38MepeHHA ObIIM paHee 
omucauet (”). 
Ha puc. 1 mnoKa3aHa TuMM4HaA 
“KapTuHa deppoMarHuTHoro pe3o- 
HaHCa C XapaKTepHbIMH JIA Hero 
MaKCUMYMOM p- UM OOaCTbIO OTPH- 
“WaTebHbIX 3HaueHuii p’. g-caKTop, 
BERIUUCICHHEI TO f' uaxc HY uuu, 
_papeH 1,99+0,02. Ha puc. 1 gana 
-TaK2Ke KPHBaA 3aBMCHMOCTH BeJIH- 
yqunp P= 1—|A|? or BuemHero 
-craTuyeckoro MarHutHoro noua H. 
BuaHo, 4TO MaKCHMyM 98TOH KpH- 
BOH CMeII€H MpvOAM3MTeIbHO Ha 
600 spcT. OTHOCHTe€AbHO MaKCMMy- 
Ma KpuBol aaa p”. [Ip nocratrou- 
HO MaJOH TOMMMHeE OOpasla 3TO 
cMelleHue ucuesaeT. > 
Ha puc. 2 moKasaHa 3aBMCH- d 2 j 6 0°spem 
MOCTb BeduunHE! P oT noun H eae 
AAA OOpasuoB MapraHeBO-WMHKO- A "es ; 
. OH TOJAILU- MC. 1. aBMUCHMOCTb MarHHTHOH MpoOHHWae- 
Be eae oy jvedeue on mocta uw! uw” HP ot H naa MnO (Fe20s)s- 
»  losmunHa oOpasya b= 1,5 MM, AHHa BOJIHbI 
3TOM KpuBbIe HMMeCIOT THNMUHbIL ec. 
Pe3OHAHCHBIM xXapakTep Cc OHUM 
MaKCHMyMoM BewMuMHEI P Kaxgaa. IlocneqHui pacTeT c yBeMYCHHeM 
TommuHn or 1,2 myo 1,85 mm (cm. puc. 2). OgnaKo 9sToT pocT 
WpOMOWKAeTCA AMUIb AO BNOHE ONpeAeNeCHHOH TOMI oOpasya; npu 
JlatbHefimemM ee yBewHMueHHM BeJHYHHA Pyawe maaeT, 3aTCM CHOBA 
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pacret u T. 2. Ilepwoquueckuu xapakTep u3MeHeHHA Pwaxe C TOMUMHOM 
moKa3aH Ha puc. 3. TlomoOnbim oOpasom MeHHeTCA TaK2Ke U &-aKTop. 
OxcrpanonauuA addekTuBHOTO sHayeHuA X-PakTopa K TOJIMMHE Bec 
paBHoll Hywi0, maeT: g~2 

YHOMAHYTOe BHINIe YMCHbINTeCHHe BeHUMHE Pyare C POCTOM TOJLUIMHbI} 
o6pasa CONPOBOXMaeTCA NOABJICHHEM Ha Pe3OHAHCHBIX KPMBBIX m0004-) 


Puc. 2. 3anucumoctb P ot H yan (MnZn)O-Fe,O,- 

yp =950 rayce /espct; A=3 cm. I—b =—1,2 mo, 

2—1,3 mm, 8—1,4 mm, 4— b=1,5 mm, 5—1,709 MM, 
6—1,85 mM 


HbIX MaKCMMYMOB HM MHHHMYMOB Kak IIpH OOIbIIMX, Tak HM MPH MeHbIUMX 
NOIAX, EM NOME, COOTBETCTBYIONIee OCHOBHOMY MaKCHMyMYy. OTH NOOOUHHIEe 
MaKCHMYMbI H MMHUMYMBI, ATaK2Ke MepHOMM4VeCKHH XapakTep H3MCHEHUA Be- 
IMYMHbI Pyare H Y-PakTOpa C TOMMWMHOH OOyCAOBAeHbI nHTepdmepenuuen. 

JleicTBUTebHO, MpH COOTBeETCTBYIOMeH TOMHHE OOpasiya uM HeKOTO- 
pom noe H BEICOKOYaCTOTHaA MarHWTHaA MPOHMUAaeMOCTh Pp, ABJAIOMAACA 
dynKuneh HA, oxka3biBaeTCA TaKOH, uTO OOpasell MOXKHO PaccMaTpHBaTh 
Kak MWaCTHHKy Cc ONnTHYeCKOH TOAMMHOH, OnusKoh K A/4. IIpu strom, 
eCTeCTBCHHO, BeHuMHAa P wMeeT MAKCHMAIbHOe 3Ha4eHHe (mOO0UHDIM 
MakCuMyM). Ecau xe OOpa3ell CTOJb TOHOK, 4TO: 


le"p" [(2ob) <1, 


TO NMOOOUHBIE MaKCHMYyMBI OTcyTcTByIoT. IIpu 3TOM Pyane Uf’ maxe JOJKHBI 
copnamath. Secb Ry = 2m /ho} kg — HAMHA BOAHBEI B CBOOOZHOM lpocTpau- 
cTBe; 6 —ToMIMHAa OOpasia; ¢* — WHIMeKTPUYeCKad NOCTOAHHAR; »* — mar- 
HATHAA IpOHHIaeMOCTD. 

YHOMAHYTaA BbINIe 9KCTpanolayua sppekTuBHoro 3HayenuA g-ak- 
TOpa K TOJU[MHE, paBHOH HyJ0, Oblda B3ATa C WebIO HCKMIOUCHUA HHTEp- 
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pepenuuu upw onpezenenuu ucTHHHOrTO 3HaueHuA £&-aktTopa. g-dpaxtop 
BIUMCIAICA MO Popmyse 
21,4 


2 = 
ag? 


4 h— QAMHa BOWHEI B cM, Hsp — acpeKTHBHOe ome B KUMOSpPcTemax. 
piom BHIUMCIAIOCh C YUeTOM JMINb pasMarHHynBalolero HM BHeLIHEroO 
j-TaTHYCCKOTO MarHHTHOrO Nowell, T. e@. mpeneOperaloch BHYTpeCHHUM 
MarH¥THBIM NOAM aHH3OTPONHM, MAJIbIM JIM paccMaTpHBaeMbIX MaTepH- 


(Wn Zn) 0-Fe,0, 
A=3cm pr, = 1500 eaye/spemed 


i Z Bf 4mm 
Tonujuna obpasya 


Puc. 3. 3apucuMocth Pyaye H g-akTopa oT 


TOJMLHHbI OOpasya Aaa (MnZn)O-Fe,O,5-uy= 
=1500 raycc/apceT, A=3 cm 


| oupemesmamacb c TouHOcTbHIO 70 0,1%. Ourm6Ka mpu onpeszenenuu noma H 
) cocTaBaseT HeMHOrHM Ooee 1%. OOmad MakCHMaIbHad omMOKa paBHa 
1%, uTo npH g=2 yaeT npHOsu3uTerbHO 0,02. 

3aKOHOMepHOCTH, aHaJOrHUHble paCCMOTPeHHBIM BBIMEe, MbI NOUN 
)TIpH WCCJeAOBAHMM TakxKe M Apyrux MaTepHasoB B 3-caHTMMeTPOBOM JH- 
| amO30HE HH BOVE. 


Ilocrymuao 
20 1 1954 


LIMTHPOBAHHASA JIUTEPATYPA 


17], Byoauukosp un A. Bepexuok, Peaknna B TBepsbIx dasax, 1949. 
2 C6opxH. PeppomarHuTHbI pesoHaHC UW ToBeLeHNe cbeppOMarHETHKOB B MepeMeHHbIX N0- 
eax, 1952. 
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Aoksage Axagemun Hayrx CCCP 
1954. Tom XCV, Ne 4 


PH3HKA 


M. A. PHHUBYPr 


O PACIIPOCTPAHEHHWHW 93JIEKTPOMATHMTHbIX BOJIH 
B THPOTPOTIHOM CJIOE 


(Ipedcmasazeno axademuxom JI. J. Jlanday 3 I 1954) 


1. Yrom % nOBopoTa NAOCKOCTH NOAAPH3allH INCKTPOMAFHUTHOH BOJHBI 
MpH ee pacipocTpaHeHHH B cpee, HaxOAWelcA BO BHeELWIHeEM MarHHT- 
HOM MlOJle, 3aBHCHT OT HallpsxenHOcTH Ay sTOorO MarHUTHOrO NOAA Mu OT 
accTosHua d, MpOxofuMoro BOMHOH B TaKOH rupoTponHoH cpege. Ecan 
€ YUHTbIBATh OTPaxKeHHA OT TpaHHll THPOTPONHOM cpembl MW CUMTATb Mar- 
HUTHOe MOWe CaObIM (yYUHTHIBAd JIMIUb NepByro cTemeHb*/7y), TO 3aBHNCHu- 
mocTb yraia Y ot Hy u oT d Bbipaxkaetca 3aKoHOM Dapanea v = const-Ayd. 
[Iipenomaenue Ha rpaHulax CyUleCTBEHHO BJHACT HE TOJbKO Ha HHTCH- 
CMBHOCTb, HO TaK#Ke WM Ha NOJAPH3al[MIO BOJHbI, Mpomemmeh CKBO3b ruH- 
pOTponHbIM cao. Sakon @apayea 3aMeHHeTCH WHOM, Oomee CiO*KHOH 
3aBUCMMOCTbIO Y oT d.. PaccmoTpenuio 9ToroO addekTa UM NOCBAILeHAa HAaCTOR- 
aA 3aMeTKa. 

2. PaccmoTpuM cwjyyuaH HOPMasbHOrTO NaseHHA MOCKOM BOVJIHDI 
E; =0, Fy. = 2e2—-of) Ha maocKHH rupoTponuBl cnoh 2 (d>z>0), 
pacnoOJO%*KeHHbI Mexy u3s0TponHbIMM cpegamu 1 (2<0) u 3 (2 >). 
HanpapseHue BHelHerO MarHuTHOro noma Hy copnafaeT c HallpaBseHuem 
PpacipocTpaHeHuaA BOAHEI—c ocbi OZ. B cpene 1 e=eY, p= pO, B 
epene, 3 e=c),p—=p@), Cpena 2 ONMCBIBAeTCA TEH3OPaMH fin HU 
Pik (Exe == Syy — £15,822 — £33 yx, — — Sexy — bog, Pow = yy = bas Pye = —Pay— 
met Pos ftz2== fg) (74). 

Tlaqaromyio BOJHY Ey MO2XKHO IpencTaBuTh B Bue CYMMBI ABYX 
BOJH,  UOJApH30BaHHBIX uO Kpyry: Ejx a= elhz—or), fo ie 
[Ey = ellhe—of), EY = —iEj:. B wu3orponnol cpene k=, B ruporponnoli 
icpeme kR#k. Va ypapHenu Maxcpeiaa HeTpyXHO Halira MOCTOAHHBIC 
pacmpoctTpaHenua Rk u R: 


k= fete) (mtel*; R=Fla—e)a—el*, 


a TaKoKe umnemanchlh Zi =F,/Hy cpeg 1,2,3 Aaa UnMpKyAApHo nowA- 
PH3OBaHHbIX BOWE: 


Ge + yu % => Saath Vile 
Z,=(2 aa) : Z,=(4 2) 


&y + & &1 — &2 


a ae vee COR ae 3) \% 
U. ab = ee 
iV se ’ i ga are I (2) 


3. KomMnvJieKCHbiI€ AMINJMTY Ab UMPKYAAPHO NOJAPM3OBaHHbIX BOE E x 
E ONpeMeAAOTCA U3 YCJOBUM HeMpePEIBHOCTH TaHreHUMaIbHbIX COCTAB- 


asiouux pextopos E u H ua naocKocrax pasnesa z= 0,d. OTu KpaeBbre 
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YCAOBUA LOJDKHBI BEIMOMHATHCA AAA KaKAOH U3 WAPKYAPHO MOJIApH3o- 


BaHHbIX BOJH B oOTembHOcTH. Onpememmp us Hux Lx, Ey, Ex u Ly B 
KaxkKTOH “3 Tpex cpe, HaXOJMM OTHOIMeHHA 


Je Sang de 


= t= 
3% Ean + E5x 


_ (1+ Zs) [cos kd — cos kd] + (Zy. + Zon) sin kd — i(Zy2 + Zes) sin Rd | (3) 
(4 + Z,,) [cos Ad + cos kd] —i(Zy. + Ze) sin kd —i (Zi, + Zo) sinkd ” 


Evy a (Ria an Royo 2h4 (4 ale Rah gq22*2) aa (Bis ai Rosé ight) (4 ot: RyoRoge 24) (4) 


Lux (Ris ar Rs pith) (4 oe Reakaei 2) aie (Ris = Rose asa) 4 mS RiaRo32 i2hd) 


Ry che 
Pe Ca ARTA ; 


OrzemmB jefcTBHTebHYIO WH MHUMYIO YaCTH KOMIVICKCHBIX OTHO- 
wenn (3) u (4) (Aly / Fix = + 101; Esy/ Egx = Uz + iVg), HAXODMM (CM. 
(1), crp. 85) yrom cbapameepa sBpalmjeHua ) uM OTHOWeHHe NoOMyoceH 9JI- 
Junca nouapusaunn b/a: 

2 ; 2 
tg 2b = Se sind? = ae ee a ooo «rae tgo= 2. 

Paccmatpupas BEIpaxenus (3) u (4), HETpy—HO MpHaATH K cae MyIOUUM 
BbIBOaM: 1) yrom ) 3aBHCHT OT TOMMMHBI cos @ NO CAORKHOMY HeJIH- 
HeliHOMY 3aKOHY, H TObKO Npu Zjn=1 (7. €. B OTCYTCTBHe OTpaxkeHus 
Rin = 0) u3 (4) cnenyet ? = by = 1/,(k — k)d; 2) xora nangatwmasn Bomna Fjy 
NOJApHs0Bana JMHeHHO, HO pesyabTupylomaa BomHa E= E+ E poumxna 
UMeTb BO BC€X TPeX CpeMaxX IIMHNTHYECKYIO NOAAPH3alHI0, YTO HW HaGwIO- 
mantocb Ha onpite (4,°). 

B (4) orpaxkenue He Y4HTbIBACTCAH: IAAHNTHYHOCTh BOJHBI CBASHI- 
BaeTCH TOAbKO C NoTepAaMH M axe BbIOpaHa B KayecTBe OHO3HAaU- 
HOM XapaKTepHCTHKUH NOTAOMeHHA B TupoTponHOM coe. Mexay Tem, u2 
(3) u (4) caenyet, YTO 9MNTHYHOCTh BOJHBI OOYCAOBIeEHa He TObKO 
norsomenvem (KomMNMeKCHbIe Zz U Rix), HO TAaK2Ke OTParxKeHHeM u_ Mpe- 
JOMI€HHEM Ha TpaHuuax TupoTponHoro casos. B orcytcrBue noTepb — 
mp WelcTBUTeIbHBIX Zj, u Rip OTHOMeHUA (3) u (4) TOME KOMMIeKCHEM. 

4. Baan or oOsacTH rupoMarHuTHOrO wu teppomarHuTHOorO peso- 
HaHCa THPOTPONHbIe CBOMCTBA BbIPaKeHb! caOo e5< ey UW Yy»<—p,. B au 
HeHHOM NpPHOAM2KeHHH OTHOCHTEIbHO €2/¢, HM Y/Y, cooTHomeHna (3) xu 
(4) sHauuTeabHo ynpomatorcs. Hanpumep, upu ¢,=0 (deppurer) (3) mepe- 
XORUT B 


Pats ies ae 4 4 (Ris = Ras) sin hodelot — kod RygRage ed 5 

E, Fae ae 1+ RigR,,0' hed (5 
9 

re Rip u Ro— Koshiulment orpaxkenua WM NOCTOAHHAA pacripocTpanenus 

k, upu Hy) =O (cM. puc. 1). 

B onTuyeckoM JMana3s0He BAMAHMe NpeAOMAeCHHA Ha NoOAApnsaluK 
HEBEJMKO — NOKa3aTeb TpeOMMeHHA MH MANO OTAMUaeTCA OT CMHHILBI 
KOSPPUUMEHT OTPAaxXKeHHA Mad, U BTOpOe Caraemoe B (5) MOX#KXHO BO MHO 
THX Cyuaax He yunTbiBaTb. Hanpumep, gaa CS, n= 1,63, R? = 0,057 
laa Oenso1a R* = 0,04. Hanporus, B quana30He CaHTMMeTpoBHIX pasuo 
BOMH € MW f YaCTO 3HaYMTeIbHO OTAMUAIOTCA OT eMHUUBI, KosddunMeH’ 
orpaxeHua R yxKe He Malad BeTMUMHAa, HM OTpaxkenne uv UpesoMeHH 


cylleCTBeHHO BMAIOT Ha yror %. B pamnonmanas0ne TOAMIMHA con ¢ 
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(IOPALKA JIMHbI BOJHEI (4,°), MH 9TO OOCTOATeEABCTBO TAKKe 3HALUTeABHO 
YBCIMUMBAeT BIMAHHE MpeAOMIeCHHA Ha NOJApusaruio (cp. (5)). 

| 5. IIpm nexoropprx cneumarbupix 3Hauenuax ¢,p ud NpeJOMJeHHe B 
(HPOTPOMHOM COC He BbISBIBAeCT IIHNTHYeCKOH nNoAspusaunu. Coorser- 
me vomice YCJIOBHe, HaKJabIBaeCMOe IPH 3aMAHHbIX ej, UW Gn HA BeJMUMHDI 
2), uM, &@), wl) y d, HeTpyqHO NOAyuNTS, MpupaBHuBaA HY MHUMy1 
qacTb BbIpaxenua (3). B yactuom cayyae 9=0 nu omHoBpemeuHO ) = 45° 
.cCBeTOBOH BeHTHIb Paned) umeem Fx = —iEgx. Packpbipad 9TO paBeH- 
CTBO, MOMy4YaeM YCJOBMA OCcyllecTBAeHMA cucTemb! Panea: Z,(Z, + 


+ Z;)\cosk d= —(Z? +Z,Z;) sin kd; Z(Z,+Z,) cos kd=(2+ Z,Z,) sinkd. 


60 120 180 260 300 360 420 480 540 600 660° 
6 OB: «Ctl 6 20 Gs sD G4 Mm 


——- 


Puc. 1. SaBucumMocTb dapageepa Bpalienua OT TOMMLMHDI 
con d, BbIYHCIeHHad m0 dopmyse (5) B MpeqnosoxRKeHHH 
ce) — -8) — 4) — 43) —{ (xpupan A) nm mpH 
FOR (MOA Mate Sen U=—0) q) ett sn O02 ei 410? 
f= 2-109 mm (MnO-Zn0)-2F.e,03) 


6. KopoTKo ocTaHOBUMCAH Ha TIpeJOMIeCHHA B TMpOTPOMHOM Cl0e KO- 
HCYUHOH TOMUMHEI d, 3anOTHAIOWIeEM OTPe30K BOJHOBOLAa. Oddexts, ume- 
fOUlWe Me€CTO B HWOCKOM C0e,— 2HNTHUeCKad NOAApu3sauuA Mmpu mpe- 
AOMJCHMM, CIO#KHAA 3aBUCMMOCTh cpapameeBa Bpamlenua Y oT du T. T.— 
COXpaHAIOTCA HU B BOJHOBOLE. 

Ha rpanuue pa3qeta u30TponHOH CeKWMM Kpyroro BOAHOBOAa (cpemp! 
lu 3, 2<.0 u z2>d) uw ruporpomHoro yuyacTrKa 2 BO3HUKAaIOT BCE HOP- 
Ma@JIbHbI€ BOJHEI C AaHHbIM THIOM CHMMeTPHH NO yrwoBoH KOOpANHAaTe 9. 
Pa3102%KUM amawllyio U OTpaxKeHHYIO BOJHBI B Cpeze | NO HOpMaJbHbIM 


n= —1 


CO 
BouHaM En u30TponHoro BosHoBona 1,3: E} = >\dnEn, Ey = >) @nEn, 


n=0 n=—s 


aHaJlOrMuHO B cpeme 3: Eg = ene IJone B rupoTponHomM catoe 2 pa3- 
maraeM 0 HOpMaJbHBIM BOHAM YTupoTpomHOorOo BoAHOBOAa En: Ey = 


71=+ 00 


= > b,En. H3 rpanmunplx ycosui mpu z =0,d noryyaem 21a onpeze- 
n=— 


WeHUA Ap (Vp<0) u Cp (p> 0) SeckoHeuHyIO cucTemy ypaBHeHHH: 


(Yn—Yp)d4 
Cat ae > bnYpn3 Cp = py bne' eee. Vpn 


re WHeKCh! p uM M MpoberawT Bce 3HayeHHA OT —CO lO TX, 


Yp,n = Fen, EWE] a. [Ep H,])1dS (S — nonepesnoe ceyenne BOHOBORE 


eet BeKTOp m0 ocu OZ), ‘tn ae aor sg pacupoctTpa: 
HHUA, COOTBETCTBEHHO, B cpese 2 u cpese 3; Np = im) Epp 1dS. 


7. PaccMOTpeHHble BblIe 9@PeKTHI UMeIOT MeCTO fA B WOMepeuHON 
nove Do a Ilycrb Ho ||OY u Bexrop BOB, Maqaiowlen Ha rHpoTpo! 


HEI cao Ey, o6pasyer c Hy yron a. Torga: 


Esy _ (1+2Z,,) cos kd —i(Z,, +Zy,) sin kd Ey, 
(14 Z,,)cosed—(Z,,4+ Z,,)isinkd Et” 


E35. 


= @ p a 2 Ean) tie 
2 SS OTS ON Ze Fa 2 ae 2 : Q = 1°3 , 
re k= cf ny (1 ©) jes” ( 1 2) Lie ke 7 


OF ou 
2 Bae ESS 
> Ae tie ts ! 
La | 


Tipu Rin =O u (R—R)d=(Qn+1)e Y=2% un 9=0, 7. © YuCTOE 
BpalleHue O€3 9JJIMNTHYHOCTH. 


Iloctymmao 
6 IX 1952 


LMTHPOBAHHASA JIMTEPATYPA 


1M. Bopu, Ontuxa, mep. c Hemenk. B. M. Konopanopa, 1937, §§ 7, 78 
*B. Ji. Puus6ypr, Teopus pacnpocrpanenua pagvuopomH B wonocdepe, 1949 
21D. der, Phil. Mag., 40, 99 (949). 4C.L. Hogan, Bell System Techn. J. 
of,4 (1952). © L.Goldstein,M. Lampert, J. Heney, Phys. Rev., 82, 956 (49545 
Ycn. us. HayK, 45, 472 (1951). 
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Hoxnagn Akagemun Hayx CCCP 
1954. Tom XCV, N 4 


PHSHKA 


J. He SYBAPEB 


BbINUCJIEHHE KOH®UMFYPALWMOHHbIX HHTEFPAJOB JIA 
CUCTEMbI YACTHLL C KYJIOHOBCKUM B3AHVMOAENCTBUEM 


({Ipedcmasrzeno axademuxom H. H. Bozoamdosum 19 1 1954) 


| Boptuncaenve KOHN@urypauMOHHOrO MHTerpasa MAA CHCTeMbI YaACTHIL C 
\KYJIOHOBCKHM B3aHMOJeCHCTBHEM (3,IEKTPOHTbI, HOHW30BaHHbIA Ta3, 3/1eK- 
,TpOHHBIM ras B KOMMCHCHPyHWWeM Nowe) CTaIKuBaeTCA C M3BeCTHBIMU 
Itpyauoctamu. Metoy pa3i0xeHHA NO cTemeHaM OTHOcTH Ypceana — 
)Matepa 3ecb He€Npv0%#XMM, Tak KaK COOTBETCTBYIOIHe HHTerpadbl pac- 
(xomatca. [lostTomMy 1a BbIUMCJICHHA CBOOOAHOM SHEPrHH CHCTEMBI C Ky- 
(TOHOBCKMM B3aHMOJeHCTBHEM IIPMBJeKaloTCA ONOMHUTeAbHbIE (u3snue- 
CKMe CoOoOpaxKeHUA O B3AMMHOM 9KPaHHPOBaHHH Noe MOHOB MpOTHBONO- 
NO#wKHOTO 3HaKa (Teopua JleOaxn). Dra TeopuA UpuUBOAUT K pa3syMHBIM pe- 
3yJbTaTaM, OJHAKO OHA ABJACTCA 3aBeOMO MpHOAnxKeHHOH. Hanpumep, 
€CJIM YUeCCTb BHICINMe UICHbI B pa3sJIOKeHHH pacipemetenna Boabumana, 
/KOTOPOe BO3HUKaeT B HONe BOKpyr JaHHOrO MOHa, TO HOHHbIe aTMocdepbl 
lye 6yHyT aLMHTUBHE!, H UWpuO.uxeHHe JleOaa TepaeT cuy. Ilo cpaBHe- 
lHuI0 C eOaeBCKUM MeTOAOM 3HaYUTeAbHO Gomee MOCMeMOBATeeH MeTOL 
‘BEIUHCJICHHA TEPMOAMHAMMYeCKHX SYHKWAM HOHM3OBaHHOrO ra3a, Wpeo- 
pKenubIti H. H. Borosmro6osbim B ero MOHOrpadun, OCHOBaHHOH Ha cCMelH- 
\buueckux pa3oxKeHuAx PyHKuuu pacnpemestenns (1). 

Mbt u3102%K4M MeTO BbIUMCMeHHA KOHDUrYpaWMOHHbIX MHTeErpatoB LIA 
CHCTeMBI C KYJIOHOBCKMM B3aHMOeHCTBHeEM, OCHOBaHHbIM Ha BBeeCHHU 
4IHUIHHX»), KOJCKTMBHBIX TepeMeHHbIX. Mea sTOrO MeTOa Npunase- 
oxut H. H. Borosw6osy. 
 Bapucallad oT B3aMMOeHCTBUA UaCTb CYMMBI COCTOAHMA JIA peasIbHO- 


ro ra3a c NOTeHUMaJOM B3auMOseHCTBUA MexLy vacrunamu P (|r; —rj)|) 
UMeeT BHI: 


PX) 


i+ 


Qu =f... {exp {35 BOCs — rj|)\dr,...drw (Die eS) 


re df; ecTh 91emMeHT OOBemMa Ax; dy; dZj. 
Bsezem, Hapawy C KOOPAHHATAaMM OTCJbHbIX YacTU Tj, KaK ObI «IMUI- 
Hue» TepeCMeHHBIe Px — Pypbe-KOMNOHEHTHI OMepaTOpa AOTHOCTH 


N 
1 y's : + (2) 
0 = ——— S' Came (krj) Py — P—k 
VN rar, 


(k 40, Tak Kak pp = VN= const). 
Pa3q0.#KXUM NOTeCHIMaIbHYy!IO 9HEPruIO B3aMMOJeHCTBUA MCKMy WacTH- 


uamu B pan Pypbe ; 
(j= ee (3) 


k 


SHeprvlo B3aMMO/eEHCTBUA MEK Ly YacTHWaMH BbIPasHM Yepes | 


MCHHBI€ px: 


> SO, —r) = DP Moone +LO-DEs) 4) 
k k 


17rJe 


(1d CHCTEMBI C KYJOHOBCKHM B3aHMOReHCTBMeEM B NOae C KOMNeHCH- 
pylouluM 3apsfom y(O) = 0). 

Bplpaxenue aa 9Heprum B3auMoselcTBuA (4) yqoOHO B TOM OTHOLIe- 
HHH, YTO OHO NO3BOAKeT (CbaKTOPH3OBaTb KOHUrypauvOHHHIM HMATerpad 
(1). Tlepeigem B  KonctburypauMOHHOM MUHTerpale OT MepeMeHHbIX 
r,...T, K M€peMeHHBIM fy... fy... Pk,- HlockombKy HOBbIe MepeMeHHBIe 
HE ABJIAIOTCA H€3aBHCHMBIMH, a CBA3aHbI MexXAy coOoh COOTHOMeHHAMH 
(2), 9TO HYKHO yUeCTb, BBOAH B NOMMHTerpadbHOe BbIPAXKECHHE NPOMsBe- 
JeHUe COOTBETCTBYIOWNMX MeatbTa-PyHKuNH. 

Jlaa KonurypauMoHHOorO HHTerpada NOWY4MM BbIparkenne: 


Ny (0 il N 
Qu = exp { a 136 Uv v re) } x 
k 


eivee (exp{— re) @ 9 (2) ic Oe (0.4 o+-)eee(dehe dit), (5) 
- Diaape end — ATL (of — 7 3} 00s (kr) (oh e. 
j 
— San ken. RHE OP 
Px= Pk + ipk, fi = Pik | Pe=—fis; (6) 


3HaK  O3HauaeT, YTO B CYMMAX M NPOH3BeEAeCHHAX HYKHO YUHTbIBATbh He 
Bce HallpaBsenua k, a TOABKO JexKalMe B KaKOH-HHOyAb OAHOM NOny- 
csepe, i Kak Ha 0%, O5« HAJOMKCHbI JONOAHUTeIbHbIe yc1OBuA. DyHKuMA 
yO en .) HrpaeT pOwb AKOOMaHA LIA Tepexoa OT Ne€peMeHHbIX Tj K 
Ox. oy Saree as MHTerpadbHbIM NpecTaBeHHeM ebTa-PyHKUNA 


8 (x) a \ errixe do, (7) 


3anumemM uxterpat (6) B Bugze 


Die Ogee) = \ ” (exp [i= 2% Pk |thexp | m= 2 OK cites) ldr} (do), 
(8) 


raze 
/ 
(dw) = I] {dor dw \ Of, = OK, OY =— OL, Of = OK — LOK. 
k 


Muterpupopanue no df MOXKHO BEINOWHUTb, CCAM pa3si0OXUTb YKCNOHEH- 


TY, CTOAMyIO NOM uHTerpatom, B paw no 1/YN. Mut orpannuumca Tpe- 
MH WICHAMH 3TOTO pa3JOKenuaA: 


= \exp \— ae ei (kr) \ar a 


Tw NN 4 eG = 
“oe >) OKO + 37 ES Di O,, Ok, OK, 
k \ k, 4-K2--F,==0 


| 
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Cue nopaTesbHo, 


CO OS ary ar : 08 
) 31VN eh C0, CP Oy, | : (: te Deke ls 
ki +Bo-+Ks=0 
(9) 
“Ae 


Pies Oks.) Jz) emp {Dior ra — he 2108 8 ey (10): 
k 


Bpipaxenue (10) pacnagaetca Ha nponsBeqeHue MpocTElx MHTeCrpaos. 
detpyHo yOenuTpes, uTo 


Dol... tres.) = 2% exp[—3 Dime t+ Ine)]. (11) 


IIpu BbluncaeHHu KOH*urypaluoHHoro eETSL DA B Ie€pBom lpHouan- 
KCHHM MOXKHO 3aMeHHTb (byHKuHIO D(...px...) mpuOmmKkeHHOM dbyHK- 
gue D,(...0x...). Torga 


Qu = exp {[— sq ¥ 0 ) +e DZ 1) x 


xf... lexp{—7 S(t) +! yoy tinh. .. (dpx)'... (12): 


N? f R 
Qu = exp {~ 555 90) ) gn} x 
7 
AG ny (k) c s c s 
x -- lexp— [Ae +1 1K)? + |tingk...d Aor . 
I1\ \ | 5 |[@o (ri)? | Pk dpx 
BplyuciuB HHTerpad 0 es Haliem 


(Qyv = exp |— an =, (0) 4 wee II mB (13): 
—— 


+1 


OTKYJla JIA MONOJHATeEIbHOH YacTH CBOOOAHOH 3HeEpruv, CBASAaHHOH C 
B3aHMOJIEHCTBHEM MeK AY YacTHWaMu, NOMYYMM 


| , k v(k N? 
F=—0> — ey | 1)\ + 557 (0). (14) 
Ilepexoaa oT cymMMupoBaHug NO K K MHTerpHpoBaHHlO 3aMeHOH 


| io ( vu 2k? dk 
: @ne 


OKOHYATeIbHO IA CBOOOAHOM) sHepruM HeueatbHOrO Ta3a NOAy4nM 


N2 


Pa Fyn (VP + )pedet a0. (15) 


IIpumenum cdopmyay (15) K smeKTpoHHOMy Ta3y B KOMMEHCHPpyIOMleM 
none. J,1a KyJOHOBCKOrO B3aHMOMeNCTBUA 
4 me? 


ee (16) 


M3 ycaopua HehHTpaibHocTH uMeeM 


y(0) = [(r)dr =0. 


~l 
Ot 
io) 


Jian cpoOoqHOH 9HeEprHu NOAyyuM 


[oe] 


v8 ( fa? a a eas 
F=—3\(e—-mGtijeak=— Te (17) 
2 
rie a? = a = vs (rq — meOaescku paguyc), OTKY a 
Tq 
Fa— Oy Z etnth, (18) 


Popmyaa (18) copnagaeT c ROOaBOUHOH CBOOOAHOL sHEprueli 9IeKTPO- 


JIMTa, CBA3AHHOH C KY IOHOBCKHUM B3aHMOJCHCTBHEM MOK TY HOHAMH B Je-— 


6aeBCKOH TeCOPHU 2JICKTPOJMTOB. 

Takum O6pa30M, MbI BHAMM, YTO Tp MOMOMM BBeACHHA «JIMIMHAX» 
IICPCMECHHBIX MOMHO W30@2KATb PAaCXOMMOCTH B CBOOOMHOM SHeEprHnH IA 
CHCTEMbI C KYJOHOBCKHM B3avMOelicTBHeM. SaMeTHM, NTO JIA S9TOTO He 


TpeOyercaA KaKHX-IMOO HOBLIX (PU3SHYCCKHX THNOTe3, NOAOOHHIX MeOaeBcKOH | 
TCOPHH BICKTPOAMTOB, BC€ CBOLUTCA K Ooee KOPPEKTHOMY BbIMHCJCHHIO. 


KOHQHTypalHOHHBIX MHTerpasos. []poOeMa BBeEeHHA «JIMLIHHX» MepeMeH- 
HbIX C M&8TCMATHYCCKOH CTOPOHbI MMEeCT SHAUMTEJIbHYIO AHAJIOLHIO C HEH3Me- 
pHMo Oomee COMKHOH MpOOMeEMOH SNTeCMEHTAPHHIX BO3OYXTeCHHH B KBaH- 
TOBO-M@ X€HHYCCKHX CHCTeMaX H3 OONbINOTO YMCA B3aMMOACHCTBYIOMULUX 
yYaCTHU, JIA NPMMCHCHHA K KOTOPBIM, B CYMIHOCTH, IpeHa3sHaueH pa3sBH- 
BaeMbId HaMuH MeTOR. «J]MuIHHe> NE€PeCMCHHbIe, BBOAMMBIe B CHCTeMy JIA 
YUPOULCHHA 3aauN, OKA3bIBAIOTCA KOJIICKTHBHbIMH Me@pCMCHHBIMH, C KO- 
TOPbIMH CBASAHbI KOMeOATeAbHbIeC CBOHCTBAa CHCTeM H3 OOMbMIOTO UHCJA 
B3aHMOJeCHCTBYIOUIHX YacTH (°). 

B 3axsouenne BbIpaxaio OuaronapHocts H. H. Boroww6osy 3a HHTe- 


pec K padote WM WeCHHbIe AHCKYCCHH. 
Hocrynuso 
19 I 1954 


LMTMPOBAHHAS JIMNTEPATYPA 


B 


eh Jak One o) ia Oo 
2 yOapes, K9T®, 25, 148 (1953). 


1060 
xe, M., 1946. AAS in irs 
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IIpoOweMbl AHHaMMGeCKOH TeOpun B CTATHCTHYeCKOH usu- | 


Jlokaane Akagemuu Hayx CCCP 
1954. Tom XCV, N 4 


PHSHKA 


b. Ji. HO®OE 


CHCTEMb!I KOBAPHAHTHbIX YPABHEHHM B TEOPHK 
KBAHTOBbIX MOJIEH 


(IIpedcmaszeno axademuxom A. H. Aauxanosum I8 I 1954) 


B paoore (') B. A. P®oxom Oplna npeqaoxeHa TouHad (6e3 pa3z.10%«Ke- 
HMA TO cTenensaM e?/hc) cucTeMa ypaBHeHHH KBaHTOBO 391eKTPOMMHAMUKH 
B BUJe O€CKOHEYHOH COBOKYMHOCTH «3aleNAAIOMIMXCH» ypaBHeHu. B atux 
YPaBHe€HHAX, OHAKO, HE YUHTHIBAIACb BO3MOXKHOCTh OOPa3sOBaHUA 9EKT- 
POHHO-NO3HTPOHHHIX Nap WH CaMH yPpaBHeHHA ObIIM 3aNHcaHbI B Cyry6o 
HEKOBapHaHTHOM Be, YTO CeMaloO Obl 3aTPYAHUTebHBIM B ypaBHeHHAX 
Moka OMHO3HAYHOE HCKJIIOUCHHE NOABJAIOINLUXCA B TeEOPHH O€CKOHEYHO- 
cTeH THNa coOcTBeHHOH Maccbl wu 3apsyqa. B apyrux paborax (?*), nocBs- 
UL@HHbIX TOMY Ke BOTIpocy, HOO ypaBHeHHA OCTaBaJuCb HE KOBapHaHT- 
HbIMH (?,°), 1HOO KOBAPHaHTHOCTb JOCTHradaCh UCKYCCTBEHHBIM BBEJCHHEM 
JONOJHUTEIbHOFO BPeMeHHOrTO Napametpa o, du3nyeckuli CMbIC KOTOpOrO 
OcTaBaJICHd BeCbMa HexACHBIM (*). IIpH 9TOM B ypaBHeHMAX, Mpearaemblx 
B paOotax (74), NpHXOAMTCA OTACbHO paCCMaTPUBaTb NepeXO/bI B COCTON- 
HUA C NOMOMKUTEIDHOH UW OTpHUATeJIbHOH J9HEprueh (M300paxKaemble OJHOL 
uHuelH B RuarpamMMax PeltuMana), YTO pe3KO YBeTM4MBAeT TUCO 4eCHOB 
B ypaBHeHHAX MH WedaeT caMM ypaBHeHHA B OOMeEM Bue HEOOO3puMbIMH. 

B nacTtosuei paOoTe Mpou“3sBOAUTCA BbIBO TOUHOL (T. e€. 6€3 pa3zo- 
wKenua 10 e?/hc) cucTeMbl peATHBUCTCKH-KOBapMaHTHbIX ypaBHeHuH. Jina 
IIPOCTOThI MbI OyeM PaccMaTpHBaTb CyYal HYKMOHHOFO OJ”, B3aHMO- 
HeuicTByollero C HelTpasbHbIM NCeBAOCKaJAPHbIM ME3OHHbIM NOJeM, XOTHA 
Y3J1IOKCHHbIA HWKE METOL MOKET ObITh 63 THya IpHMeHEH K KBaHTOBOH 
9JIEKTPpORMHAMUKe WAM K 3apA2KCHHBIM MC3OHHBIM TOJAM. 

PaccMOTpuM 3afauy O ABY.KeHHM OJHOTO HyKOHa. ByeM UCXOLUTS 
M3 ypaBHeHHA [AA HyKAOHHOH dyHKuuu puna G(x, x’), KoTopoe, co- 
raacHo paOote (5), Aad cayyuaad NCeBAOCKaIAPHOH HeHTpadbHOH TeopuH 
umeeT BUA*: 


. (6) . 3) / x 7 
{fe Ox, — m + igys<¢(X)> 81s spp 0 X') = 6(x— x’), (1) 


B (1) <o(x)>— BHemmHee Me30HHOe TOWe (c yyeTOM NosaApu3aynN Hy- 
KIOHHOFO BaKyYyMa), NOAYHHAIMLeeCH ypaBHeHHIO 


(OD —p*)< 9 (x) = — 4nd (x) — 4g Sp 7sG (x, x); (2) 


J(x)— Buemuuii HyKAOHHEIM TOK, a 6/6J(x) oOo3Hauaer (1, °) dyHKmHO- 
H@JIbHYIO MPOU3BOAHyIO NO TOKy, B3aTyIO B TOUKe x. Mbl ncnOudb- 


* Dra 3amMcbh ypaBHeHua Jaa dyHKuuu Ipuna BplOpana us Tex coo6paxKeHHH, TOO! 
u3 MomyuatomleficA CHCTEMbI YpaBHeEHUH JerKO ObIO YCTaHOBUTb COOTBETCTBUE C CHCTE- 
Moi, culenylomleH HeMOCpeACTBeHHO U3 ypaBHeHHH, 3amncaHHbIX B refi3zeH6eproBcKoM mpex- 
CTaBJeHHH, HC ypaBHeHHamu Poka ('), XOTA JaHHaA 3anHcb M MeHCe yuooOHa Ip paccMoT- 
peHuM 3aa4y CO MHOrHMHM Me3OHaMH HM JIA MpOBeCHMA NepeCHOPMHPOBOK MaCcCbl i Zapata. 
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= 


O JAH, rT. 95, Ne 4 


3yeM cucTemy efMHul, re h=c=1, uw B HalMX OO03HaYeHHAX AyOy = 


= 0,0, — ab, a = Ayia, Yul + Win = 2w, B= 1, Ogg 1, 04) = %g2 = 033 = — i 
[pauwuupie ycuopua K ypaBHenusm (1), (2) CoOTBeTCTBYIOT HaJMUH10) 
Ha OecKOHeyHOCTH pacxOMAMMxca BOMH pu f >? uw CXOAAUMXCA MPH! 
t<t’. B reopum BosMyleHuit 9TO 9KBMBaTeHTHO MpwOaBJeHMIO K Macce) 
Maloli OTpulaTeAbHOt MHHMOM OOaBKH. / 
Tlepefimem B (1) uw (2) K uMnyJbcHOMy NpeAcTaBJeHHO, NOAOKUB 


G(p, P') = pega ete G(x, x) dix dbx, (3) 


(2n)* 


Mu, KpoOme Toro, BBeseM HOBbIe yHKuuH 9’ =—igo u J = 4rig/. Torzai 
(onyckaa mITpHXH) NoOwyyuM ceqywulMe ypaBHenus (A = g*/4n°C): 


(p—m)G(p, p’)—15\<e(p —k)> G(k, p’)dtk — 


° 3G (p +k, p’)} : | 
his | es (k) PN ate = 3(p—p’); (4) 
(k? — p?) <¢ (k)> = J (kK) —ASp 45 \ G(p +k, p)d'*p. (5) 


CrenaeM Tenepb MpeAnOOxKeHHe, ABAAIOULeCeCA BeCbMa OOLLMM, UTO 
cbyuKkuua Ppuna G(p, p’), Koropaa ecTb (yHkmMOHaT OT BHeLIHerO Hy- 
KOHHOTO TOKa J(p), pasmaraeTca B QYHKUMOHAIbHDIA pan Teltuopa m0) 
TOKY 


G(p, p)) = ¥' Galp, ps Sr,--- Sx) J(S))-. S(Sa) dS, ¢. dtsn 


n=0 
WM, aHasOruyHo, 


<o(k)> = sy \ Gi Ky, Siac b to, SH) Sade pel (Sip) Ce Ste See (7) 

n=0 
TloactaBum pa3ioxenns (6), (7) B (4), (5) u mpapaBuaem KospdumnenThi 
B UpaBbIX HM JeBbIX uacTHx ypaBHeHui (4), (5) mp mpo“sBemeHuax 
J(S,)...J(Sn). Paccmorpum cHayana ypaBHeHue fun (kK). OHo umeer: 
BU | 


(k* — p*) 99(K) = —ASp 15 \ Go(p + k, p)d*p. 

Ho G,(p +k, p) 3aBucuT TOKO OT AByX BeKTOpoB p u kK uw HE MOET 
cOmepxKaTb Y5, TAK uTO Spy;G)(p +k, p)=0 u 
| 0) (k) =0. (8) 
Paseucrso (8) coorBetcTByeT (B TepMuHax S-maTpuubl) oT6pachiBaHulo 


3aMKHYTHIX eTeJIb, H€ CBA3QHHbIX C OCHOBHOM HYyKJOHHOM aHHuel. Bara- 
ronapa (8) MbI MO#KeM NOAOKUTH 


Gn (k, Si, = chen? Sn) =o Di (k, Si, rhe} Sn). (9 


Bynem Gz u Dy, uckaTb B BUTE 


GaP... Sise25:Sn) Gal Disa ee ,Sn)6(p— p’ —s,—...—S,); - (10 
Da (K,Sy,... 5 Sav) = Daisies Sy) Ol ee -— Sn). (11 


Ilonctapaaa (10); (11) B (6); (7),.4 (6), (7) B (4), (5), 
: , ; , , ; ‘ uxXo 
. Pee CHCTEME «3aILeNIAIOWUXCcHA Reese) Ne Ava 
n yu n: 
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(p — m)Gn(p, Sije us » Sn) — 


| ~ n—1 n—m . n—m 
a 15 >; yD saree ( Dy Si, Syip 6006 Sn—m—1) Gm (p— » SG Srespesig ous Sn) — 
| m=(0 I=1 l= 
n+1 
— ts >} \ Gati(p + K,Sj,..5 Spas Ky sy 621, Sn) Gk b,, 05 (12) 


| i=1 
n 
(ie — 2°) Dal, 81, +++ 5 Sn) +9Sp 45 \ Guts (P, 81s... Sm K— S51) dtp = bn, o. 


i=1 
(13) 
Bom onemyer us (6). NC) 19). Gp De Sieene-e Sa) Wc ke Sy ese) 
QOJKHBI ObITb CHMMCTPHYHBIMM (PyYHKIMAMH NMepeMCHHBIX S,,...,Sn. On- 
HakKO ypaBHeuna (12), (13) BEIraaqaT HeCHMMeTPHUHBIMM TO NepeMeHHbIM 
Si,...,Sn. Ilostomy tpeOoBaHHe CHMMeTPHH OJDKHO ObITh HaOHRKeHO 
AONOIHUTe BHO. Hy2xHO 3aMeTHTb, YTO, NpeAnosarad Manbuelimyio cuM- 
MeTpusallMio, B eBOH 4YacTH ypaBHenua (12) MoxHO ODIO Obl ONYCTUTb 
CyMMHMpoBaHHe N10 2, 3aMe€HHB eTO yMHOXKeHHeM Ha M+ 1. Dro He cye- 
JaHO AA TOTO, TOOK MpH peMleHHH MeTOZOM TeOpuA BO3MyUeHuA NOWy- 
Yauch NPaBMJIbHbIe pe3yJbTaTHl 6e€3 MONOTHUTeIbHOM CHMMeTpu3allun. 
YrooOpnl yacHuTb CMbICA PyHKuuH Gp u Da, HaNMIIeM HECKOAbKO NepBbIx 
ypapHeuult (12) u (13): 


(p — m)Go(p)— 75 | Gi(p +k, k)dtk = 1, (14) 

(p — m)G,(p, S) — ysDo(S) Go(p — s) — 
— 5 \{G.(p +k, k, s) + G,(p +k, s, k)} dtk = 0; (15) 
(k* — p?) Do(k) + Sp 75 | Gi(p, k) dtp = 1. (16) 


| O6oppem cucTeMy ypaBHeHuh (12) Ha BTOpoM uuvleHe, T. e. NOM0%#KUM 
G,=0. Torna u3 (15) umeem 


| Gi (Pp, S) =(p— m) 75Gy(p — s) Do(s), (17) 
‘a MO,CTaHOBKa (17) B (14) gaer gaa Gy(p) ypapHeHue 
[p—m —2i5\ (p+ k — m)*75Dp(k) d*h! Go(p) = 1. (18) 


Kak u CuleqoBaso OKULATh, NOABMBINIMUCA B (UrypHbIX CKOOKaX 4JIeH 
fecTb NepBad NoMmpaBKa K cOOcTBeHHOM Macce HYKJONa (ecu B KayecTBe 
D,(k) B3aTb HyeBoe MpHOMxKeHUE DY (k) = 1 /(k? — »*)), npuyem B 9TOM 
BbIPAKeEHHM HYXKHO elle, KOHeUHO, MpOu3sBeCTM MepeHOpMUpOBKy. 
| Jlerko yOeRuTbcaA, YTO BCe NMONpaBKW K COOCTBeEHHOH Macce HYKJOHAa 
(6olee BLICOKOTO NOpsAKa nO g® noayyatca, ecu ypaBHenua (12), (13) 
‘pematb meTofom utepaunii. IIpu stom usenbt Buta Dp—m—aGm OyAyT 
fONMCHIBATh BCTABKY B COOCTBCHHO-9HEPreTH4eCKHE AMarpaMMbI 34MKHYTHIX 
MET Jb. 
V3 (17) caenyer, uTO B ZaHHOM MpHO1mxKeHuN G,(p, S) UpeacTaBuseT 
(co6of mpoctelillyio BepliliMHHy10 yacTb (°), COOTBETCTBYIOMLy!0 UCIYCKa- 
MHHIO Me30Ha C HMIYbCOM S, C TOH TOTbKO pa3sHuleH, YTO BMCCTO BHEIII- 
‘Mux unui crost dynKuuu [puna wyKona (p—m)* u Go(p—s) u me- 
ig0Ha D,(s). 
 Caa3b Mexay G,(p, $8) mu BepmmMHHot uacTbio G,(p, $)= Go(p) x 
ix T;(p, 8) G)(p—S)Do(S) umeeT MecTO H B oomlem cayyae, Kak ceqyer 
m3 onpenesenua (°) BepmuuHol yactu I’; (k; p, p’): 
/ dG (p, p’) _— 

T';(k; p, p) = Sok) an = 
$ er (p, ae G4(p”, p’)D1(k’, k)dtk’d'p"d*p" |,_)) 
ecam yuecTbh 3aKOH COXpaHeHHA MMIYJbCa (popmyut (10), eae 
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Paccmatpusasa dopmyupt (12), (13), HerpyaHO yBHeTb, UTO, BOOOLLE 
dyHkuun Gp(p, $1,...,Sn) COOTBETCTBYET COBOKYMHOCTb AMarpaMM C ABY 
n 


MA BHEWHHMM HYKJIOHHbIMM (C HMIyJbcaMu Pp up — > S;) HM BHEWHUM! 


isl 
M€30HHBIMM JMHHAMH (C MMMYAbCaMH S,,..., Sa), adyuKunH Dy (k, $,,..., S$) 
COOTBETCTBYE€I COBOKYMHOCTh j\MarpaMM C M+ 2 BHeLIHAMH MeC3OHHbIM! 


n 
JMHHAMM, MMIYJIbCbI KOTOPHIX paBHbl k, $,,..., Sn, k— ye S; (3A4MKHYTbb 
i=1 
netau c #+2 Bepmunamn). Tounad dyukuua Tpuna ia CHCTeMbI Hy 
KOH ++ Me€30HOB OTAMYaeTCA OT PYHKIEMH Cy, TOAbKO CaraeMbIM, OMH 
ChIBAIONIHM CBOOOAHOe ABH KeHHMe. AHamMOrMuHad cuTyallua MMeeT MeCN 
naa Dp. | 
Tak nampuMep, dyHKuuA G,(p, S,, Sy) ONMCHIBAeT Mpomecc pacceAHH 
Me€30H4 Ha HYKJOHe M CBA38aHa C TOUHOM cbyHKuHeH Tpuna Guy aA cr 
CTEMbI M€30H — HYKAOH COOTHOMICHHEM 


Gu (Pp, p’, 8, 8’) = Go(P) Do(s)3(p — p’)3(s —s’)— 


— Ginzyi |Ga(P, S, 8’) + Go(p, 8’, Ss) X 8(p—p' —S—s). | 


Sroro MO#KHO ObIMO OKUMATh M 3apaHee, NOCKOMbKY, KaK HW3BeCTH 
(cm., Hanpumep, (“)), dynkuna [pwna Wa CHCTeEMbI Me30H — HYKJIOH MG 
JYuaeTCH B3ATHEM BTOPOH (byHKIUMOHAIbHOH MpousBOAHOK OT G(x, x’) u 
BHemHeMy ToKy. IIpH nomomm dyHKuMH CG, MOKHO pelllaTb Kak 3asla' 
O pacCefHHH MC30HOB Ha HYKJOHAX, Tak M 3aauH O CBA3QHHBIX COCTOs 
HHAX CHCTEMbI M€E30H — HyKOH. B nocaeqHem curyuae )-PyHKuMA CHCTeEM] 


MOxe?T ObITh ONpemeeHa H3 ypaBHeHua Gav)mn = 0. 

B 3akmoueHHe aBTOp XOTe Obl OTMETHTb, UTO HACTOAILad paodota | 
Mora Obl ObITb NpOBeLeHa 6€3 WeEHHbIX COBETOB u OOcyxXHeHUuH c A. JL. 14 
aJaHunbim u VM. A. TlomepanyyKom, KOTOpbIM OH BbIpakaeT CBOIO ropayy 
OnaroapHOCTb. 


Iloctyuuio | 
2 XIl 1953 | 


UMTHMPOBAHHAA JIUTEPATYPA 
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Aoxaagn Akaygemuu Hayr CCCP 
1954. Tom XCV, Ne 4 


PUBHKA 
FO. M. KAYIAH u B. H. NEPEJIb 


K TEOPHM WAPOBOTO 30HJA B NVJIA3ME 


(ITpedcmasreno axademuxom A. A. JleGedesim 16 I 1954) 


B wacTtosmei padore paccmaTpuBaeTcaA TeEOpuA WapOBOrO 30Hja B Ma3Me 
IIpH HH3KUX JaBJeCHHAX C YYETOM TOTO OOCTOATEABCTBA, UTO 30HA ABACTCHA 
CTOKOM 3aps2KeCHHBIX yacTuy. Mbl OyaeM CuHuTaTb, YTO BCe YACTHIIbI, LO- 
CTHrMMe 3OHa, TepsloT 3apan. Ilyctb mapoBolk 30H pasuyca a nomemen 
B Oe3rpaHHuHylo mia3my. Hamre paccmoTpenue cupaBeaMBO, ecaM OOMaCTb 
Na3Mbl, BOSMYWLCHHaA 30HAOM, MaJla NO CpaBHeHHIO C pa3sMepamu TPyOKU 
M WAMHOH cBOOOAHOrO Mmpobera yacTuy. Ec 3amana pasHocTb NOTeHWMa- 
JOB 9(@) M@exXTy 30HJ0M HM HEBO3MYLICHHBIMM YaCTAMH Ila3Mbl, TO BOKPyr 
30Ha cO3aeTCA IeHTpaJIbHO-CHMMeTpHUHOe Nowe O(r), B KOTOPOM YacTHILbI 
HCHbITLIBaIOT paccesHue. Ecau &—cCKOpOcTb YacTHIbl Ha paccToaHuu Fr 
OT 30Ha, @ U—CKOPOCTb BaIH OT 30Ha, TO W3 3aKOHa COXpaHeHHA 
39HeEpruH uMeeM 

mu mv 
(r), 


ee a PD 
D} D es 


(1) 
re € —3apaA “vacTHUbl, BKUOUaA 3Hak. BBoww yron » Mex AY HanpaBue- 
HH€M CKOPOCTH B TOUKE F UM palHYCOM-BeEKTOPOM, HallpaBJeHHbIM H3 WeHTpa 
30Ha B 3TY TOUKY, NOTY4HM W3 3aKOHa COXpaHeHAA MOMeHTA 


; 
7 


: 
pv=rusin», (2) 
az p—Upulleibybi napamerp. Bywem ucKkaTb PyHKUHIO pacnpeedeHuA 
yacTHl, m0 cKopoctam f(wor), cuuTad, YTO Bau OT 30Ha OHA H3OTPOMHA 
wu papHa f.o(v). PaccmorpuM cHayata cuyyal 3amep2xuBalollero Nossa 
eo(r)>0. [aa onpemetenHocTu OyeM paccMaTpHBAaTbh 3JICKTPOHBI B 3a- 
qepxKupaioulem mode 30H2a. Paccmorpum cao dr Ha paccrosHuu r OT 
30Ha. Ilorox uepes CAO 9eCKTPOHOB C MIPHIebHbIM NapaMeTpoM B HH- 
rveppale p,p-+dp, HavaibHOH CKOpOCTbIO B UMHTepBale V, VU +dv u se- 
TAIUMX K 30HAY OyneT Vfo(v)-4nu?dvu-2npdp. Bsowa pBmecto p u ¥ 
nepemenuble “ u > uU yUMTbIBAA, YTO BPEMA, KOTOPOe TaKue U3BHE AeTA- 


dr Tv 
[He 9ICKTPOHbI NPOBOAAT B coe, dt = Fraps NOWYYHM, YTO —- << eT 


f(u9r) = foo(v). H3nyrpa B COM MpOwAyT JMIb Te YacTHUbl, KOTOpbIe 
He nomafqyT Ha 30H B CHuJy 3aKOHa COXpaHeHMdA 3HEPrHu UJIM 3aKOHA 
coxpanenusa momenta. Tlocaeqnee OyeT MMeTb MecTO Ip 


ee (3) 
Bsoga 
sin Dru = GENE) Dra < 


iby Ay @ 


\| bs | 
(es 
Na 


Novy 4HM OKOHYATeJIbHO JIA (yHKUHH pacnpeeJeHus: 


f (ur) =fo(v), "S>% on, ets mi" > e[e(a)— 9(r)ls | 
FU@)=0, Fart Sd, | © 


far) =folv), = >s>0, ana Ee <el¢(a)— ¢(r)I; 


%-g MMeeT CMBICA Yrla 9KpaHHpOBaHHA YaCTHI, 30HAOM, Ip OTCYTCTBUE 
OIA OH MpHoOperaeT mpocToH reoMeTpHyeCKHH CMBIC. 

Tlompsyacb cbopmMyaamu (5), JlerKO HalTH MOJHBIM NOTOK 9e€KTPOHOE 
Ha 3aB0J, H KOHICHTPalHIo 2ICKTPOHOB Ha paccTOAHHMY OT 30HMa. Cuntas 
pacipememenue fo(V) M@aKCBEJOBCKHM, NOJYYHM JIA NOAHOFO MOTOKa fi 
oObluHy!O (opmMyuly 


Sn ” Sk kT. | 

) aie - am e (6) 

rae S — naowayb MOBeCPXHOCTH 30Ha; Mo — KOHUCHTpalnn INEKTPOHOF 
Baw OT 30H]a; U U Te— cpe HAA CKOpOCTb HW TeEMMepaTypa ITeCKTPOHOF 
B Wvia3mMe. JA KOHICHTPallu. 3ICKTPOHOB fe(r) Haliem 


ar 4 = = 
Ne (r) ——= hole SP ART eee > Noo € Beals {er [1 —® (V x)] ae 


-Vi-ker[oV Sel} 
t 


re x= ST i o()=F= \ ent dz— wHTerpal BepOATHOCTH, 
0 

OrmerTuM, 4TO BbIpPaxkeHHe B (UrypHOH CKOOKe BCersa NOAOKUTE AHO 
HW u3sMeHsetca oT 1 npn r=a no O npu roo. 

Hs dopmyapi (7) BUAHO, 4TO KOHI[EHTPallHA IICKTPOHOB BOMM3H 30H 
MeHbIUe, YeM eCIM Obl OHH ObIIM pacnpeseseHbI 10 dopmyse Boabumana, 
IIpHyeM BaiM OT 380HAa 9ITO PasIMYHe HEBEAHKO, a pH NpHOmMKeHuH 
K MOBEPXHOCTH 30H/{a KOHIWCHTPaluA CTAHOBHTCA MeHbIIe «OOJIbIIMaHOB- 
CKOH» KOHIeHTpaluu B Ba pasa. OTOT Oonee ObicTpbIH cna KOHIWeHTpa- 
IMM CBA3AH C OTCACHIBAIOWHM eHCTBHeM 30Ha. Bmecte c TeM, Kak 3TO 
clleqyeT 43 dopmyupl (6), OOeMHeEHHE N1a3Mbl 9IEKTPOHAMU BOTH3M 30H]a 
He HapyllaeT NpAMOAMHeEHHOLO xXOMa NOAy orapupMuyecKOH BObT-ammepHOor 
XapaKTePpHCTHKH B OONACTH OTPHIMaTeAbHbIX NOTeCHWMAIOB BIAOTh 20 n0- 
TeHWHala WpocrpanctBa. Tlosromy Berpeyawuleeca B AHTepaType yTBepx- 
WeHve, UTO OOEHEHHE MOXECT BHISLIBATh 3aMeJWICHHE POCTa 3/eKTPOHHOFO 
TOKa IPH OTPHUaTeIbHEIX MOTeHUMAIaX S3OHa, OM3KHX K NOTeHMaTy 
IpOcTpanctBa, NpeAcTaBAAeTCA HeMpaBHIbHbIM. C u3aqaraemol TouKu 3pe- 
HHA IpaBYJbHbIM, XOTA MW TPYJHO BbINOAHAMbIM MeTOAOM OnpemeneHuA 
nOTeHMala MpocTrpancTBa OyAeT ompemeeHHe NO Hayay OTKMOHEHUA OT 
IIpAMOJMHEHHOCTH BOJbT-AMNepHOH xXapakTepHCTHKH. 

B cayyae npwTaxKeHuaA paccy#KMenua ycuoxKunOTCH.. Munumampnoe 
PpaccTOAHWe min, Ha KOTOPoe YacTHIla MOXKeT NpHOM38HTBCA K 3OHIY, 
3aBUCHT OT €€ NPHMeMbHOTO paCCTOMHHA P MW HaXOMMTCA U3 ypaBHeHuA 


mv2 mvp 
2m [ee (rin) | — vr =0, (8) 
: min 
OTKYAa AA MpulleAbHoro paccTosHuA p,(r,,,), KOTOpOe OuKHa UMeTh 


yacTula MaHHOH CkKOpocTu VY, 4TOOb! MpHOAM38UTbCA K 30HIY MO paccTos- 
HUA r, TOYYHM 


~ 
a Nile 


2 [ : if 2e sin | BS u® (7 snin) ; (9 


2 — 
Pr ary) = Fnin mv? min uy 


766 


Jia cayuat orraikuBanua Py (min) @CTh MOHOTOHHaA cbyHKuMA oT 
‘Tmin, TAK KaK NPM BOSpacTaHWu fmin BO3pacTaeT w(rmin). YCAOBHeEM TOTO, 
| TO uacTHla He NonmawzeT Ha 30H, OyReT rmin >A MH, CAeMOBATeAbHO, 
p> Pp,(a), uo copmaqaetT c panee BBEAeHHLIM yCOBveM (3). 

B cayuae mputaxeHua eo(r)<0, 4(rmin) YOrrBaeT C BOSPACTAHHEM F min 
H (yHKyMA P(r) MOKeT UMeTh MHHUMYM MPM HeKOTOPOM 3HaueHUH F = Fy. 
, OueBugHo, uto cbopmyaa (9) umeer *u3nuecknit cmpICA pu r > fo. TombKo 
B 9TOH OOacTH P,(7,,;,), HOTyYaeMbI us dopmyusl (9), umeer busnyeckuii 
CMPIC NPHebHOroO napamerpa. IIpu mpnyerbubrx napamerpax p< p,(r,) 
) MMCC€T MCCTO JMMMTAIMOHHOe ABHKEHHE, pH KOTOPOM YacTHIa naqaer 
Ha 30H. 

Kak BuqHO u3 (9), JMMUMTAalMOHHOe BwxKeHHeE G6yeT MMeTb MecTO, 
eciu 9(r) MenseTcA c paccTosHuem Opictpee uem 1/72. Cchepa pamnyca 
ro MrpaeT AAA YACTHIL CKOPOCTH V POb rpaHHUb! 30HMa. YpaBnenne MIA rp 
MOJYYHM, MpWpaBHAB HYJO0 NpOHsBOAHYyO OT p? NO £,.,, OTKYa Haliem 


mv? 


ss = 09 (ro) + Bev’ (1). (10) 


Hatimem Tenepb Bbipaxkenue 2a yYHKUMM pacnpemenenua vacTHL aA 
cayyad mpuTsaxeHus. Paccmotpum cao dr ua paccTrosHuu r oT 30HmAa. 
CnenyeT pasimuatTb cayyaw r>>ry Ur<fo. 

IIpu r>ro, NOBTOPAA paccyXTeHuA, NPOBeMeHHbIe AAA cayuaa oTTau- 
KHBaHHA, 34MeCHHB @ Yepe3 7 HU U(a) 4Yepes A(ro), NOAy4UM: 


f (wr) = foo(v), r> > du, | LIA me + eo(r)>0; 


f (uSr) = 0, 9-2 > 0, (11) 
f (u8r) = 90, moo > 0,\ Aig me + e9(r) <0; 

) 

sind, = Fru <<. (12) 


ru (r) 


IIpu r<(ro BoiayT B CAO UaACTHIbl, WA KOTOPHIX p< p,(r,), T. & 


ua KOTOpHX sind<rou(ro)/ru(r). Jleramux oT 30HXa yacTull TaHHOu 
- ckopoctTu B Coe He Oyzet. aan yHkuuu pacnpeseleHuA nomyuuM, Ta- 
KUM OOpa30M, 


f(udr) = fo(0), F>9>% yu | 


: LAA Me + eo(r) >0; 
F (ar) = 0, Sat 0; 


; (13) 
f(u%r) = 0, c>9>0, aaa = + e9(r)<0; 
sin Sy, =, >t. (14) 


H3 (10) sugzno, uTO ry 3aBMCUT OT V, MOITOMy pa3eseHMe MpocTpan- 
cTBa Ha [Be OONACTH JOJKHO NPOBOAMTbCA OTCbHO LA Ka LOW CKOPOCTH. 

Tak Kak XOJ| NOTeHIMaNa B OKPeCTHOCTH 30Ha 3apaHee HeHM3BeCTeH TO 
MBICJIHMMbI J[B€ BO3MO2KHOCTH. 

1. Xom noTeHHana TaKOB, UTO JMMMTAIMOHHOe ABM2KeHME OTCYTCTBYET. 
B 9Trom cayuae B dbopmysax (11), (12) caeayeT 3ameHuTb 7p Ha a, a u (fo) 
Ha (a). Dopmyut (13), (14) B a9ToM cayuae TepsAIOT CMBICJ. 

Jina nowHOro NOTOKa YacTHI, Ha 30H NOAyaHM 

ee (15) 
4 (1h 
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Tle No ,v u T— KOHIeHTpalua, CpeAHAA CKOPOCTh MW TeMMepaTypa YacTHM) 
B HEBO3MYIMeHHOM Maasme. Dra opMywa copnagaer c opMysoH OObIMHON| 
TeOPUN TA cepHuecKoro 30HAa, NOAyYeHHOH AAA TOAcTHIX c10eB Jlenr-) 
miopa. AHanOrMyHO Cay4alO OTTAIKHBaHHA MOXKHO MNOJYYHTb BbIPaKeHUe | 
(LAA KOHICHTpallu uacTuI, B OKpecTHOCTH 30HMa. Kak usBecTHOo, dopmy-) 
ma (15) HaxoquTcH B MpOTHBOpeyHH C 9KCMEPHMeHTOM, OHA NPHBOAHT 
K CAMIIKOM OOJbIMM 3HAaYeHHAM OeCNOpAROYHOrO HOHHOFO TOKA. 

2. Tlostomy culeqyeT CYHTATb, YTO HA CAMOM Mee OCYMLECTBAACTCA BTO- 
pax BO3MOXHOCTS, T. €. XO NOTeCHWHala TaKOB, 4YTO HMe€eT MeCTO JHMH- 
TallMOHHoe gBMxKeHHe. JLMH NOAHOTO NOTOKAa B 9TOM CJy4ae NOTyyaem 


= 


2e 


Fis ( Anr? [we —o (0) | foo (v)vdv. (16) 


m 
0 


Ecau uMeeT MecTO JMMUTAUHOHHOe ABHMKeHHe, TO dopmysa (15) nel | 
CTBHTCAbHO JlaeT 3aBbIMIeHHOe 3Ha4YeHue NOTOKA, HOO OHA NomyuaercaA H3 


2 
(16) 3samenoh ry Ha a uw O(fo) Ha 9(@), a BEIpaxennHe Fr [v= 2(r)| MU- | 


HUMaIbHO Ip fF = 7p. 

BeavuHHbl fy HU, CACLOBATEAbHO, O(fo) ABAIOTCH HEH3BECTHBIMH (PYHK- | 
WuaMH V. JLia HaxOKMeHHA HX HEOOXOAHMO COBMeCTHOR pelleHHe ypaB- | 
HeHHa Ilyaccona c ypaBHeHHem (10), uro npeacTaBAdeT 3HAUHTEJIBHBIE | 
MaTemMaTHuecKHe TpyHocTu. Haanuunve BoKpyr 30Ha ccepbl, NOrsoMaw- 
We MpHTATMBalOWMeCA YAaCTHUbI, ObIIO OTMe4eHO B padoTe ("). Ouenka | 
BeJIMUHHbI HOHHOTO TOKA Ha 30H Mp MLOCTATOYHO OOMbIIHX OTPHUaTeJb- | 
HbIX NMOTeHWHaIaX 30Ha Oblia cqeana B padote (7), mpHuem HaOsOa0Ccb 
corjacHe C 9KCHepHMeHTOM. 


Kapevio-PuHCku rocyapcTBeHHbIH yHUBepCuTeT lloctynusio 
Kapeso-unckuh meqaroruyeckuh MHCTUTYT PAS) @, Ga ks ays) 


LMTHPOBAHHAS JIMTEPATYPA 


Weizl, Zs.4, angew. Phys., 2,09 1990)" 710s. Kapa, Balle prema 
JIAH, 91, 1321 (1953). 
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Hoxaago Axagemun Hayrx CCCP 
1954. Tom XCV, Ne 4 


PH3SHKA 


C. A. KANJIAH wk. 1. CTAHIOKOBHY 


PEWWEHHE YPABHEHHM MAPHUTOrA3OAMHAMUKU 
AJIA OJHOMEPHOFO JIBMWDKEHUMA 


(ITpedcmaszexno akademurom JI. J. Jlanday 26 1 1954) 


Maruutoras0qvHaMuka B mocceqHee BpeMA yacTO NpuMenseTca pH 
ucCI€QOBaHHA MHOFHX NpoOsem reopu3sukKu uw acTpodusuku. Onako 70 
CHX NOp pellleHHAH ypaBHeHHH MarHHTOra3s0QMHaMuKU ObIIM NOdyUeHbI 
TONbKO JIA Cy4ad MaJIbIX KOe6aHHH. 

B wactosmjeH 3aMeTKe MbI MOK@KEM, 4TO 3aadH O MpOu3BOIbHOM 
JHHOMEPHOM HE€CTAWHOHapHOM Te4YeHHH rasa, OONamawmuero G6ecKOHeYHO 
HoAbWOH MpOBOAUMMOCTbIO, B MaTHHTHOM MOse MOKHO CBeCTH K OObINHEIM 
PAHOMePHBIM 3aayaM ra30QMHaMUMKH M TEM CaMBIM TlOJYYNTb LOCTAaTOUHO 
DOulMe pelmleHua. 
| Kak w3BecTHO, ypaBHeHHH MaTHHTOTa30qMHaMUKUH pH OecKOHeyHO 
Dombmo mpoBowumoctu uw Mpene6pexumo masqofi BA3KOCTH Ta3za HYMeOT 
pax (*) 


3 1 
| Set (vv) v + [H, rot H] = — — grad p; ©, 
I 
oe = rot [vH]; (2) 
I 

0 ; 

% — — av(en °) 


re V—CKOpocTb, p—TOTHOCTb, p— maBseHue, H — Hanps»xeHHOCTb 
MarHuTHOrO MOJa, » — MarHWTHad MPpOHMMaeMOCTb, KOTOPAd B JabHefmem 
dyer cuutTaTbca moctosHHOH. K ypapuHenuam (1)—(4) caenyer Takxe 
qoOaBuTb ycmoBue auaOaTHYHOCTH UM ypaBHeHue, olpeseuawree 
igMeHeHue 3HTpomuH. B ato padoTe Mbl orpaHHuMMcA paccMoTpeHHeM 
haMaOaTnuecKux (U39HTpONM4eCKUX) ABYKeHUH. 

| Ws (1) cpasy cueazyetT, 4TO ABHKeHHe MOXKET ObITb O/HOMEPHbIM 
POAbKO TIpH yCJOBHH vii (H,rotH], vt. e. upu v_|H (orsaeKxascb oT 
-puBuatbHoro cayuasa Vv || H). M3 (2) torgza Bpirexaet, uro Bextop H gfou- 
KeH COXPaHATh CBOe HallpaBseHue B MPOCTpaHCTBe, M€HAACh TOAbKO NO 
nOcomoTHOH BeauunHe. IlostTomy, BblOupad OCb xX NO HallpaBJIeHHlo 
BYWXKeCHHA, a OCb Y NO HalpaBsenulo H, MbI MOxKeM ypaBHeHuA MarHUTO- 


a30 [MHaMUKU AJA OMHOMeEPHOTO JABYHMKeCHHA 3allHCaTb B BUC: 


(xa) Ou Uke Oe (etijen 

Oat Ox | 8rp OX e Ose? (5) 

| 0H , O(vH)_ 6 

| + a =0; (6) 

de 0 (ve) 7 
ot = Ge ae O 7) 
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Ypapueune (4) BHINO.HAeTCA B 9TOM cAyyae TORK MECTBCHHO. | 
Hs (6) u (7) cpa3y nowyyaem TepBblh. UHTerpaa CHCTeMbI ypannenn 


7 = (5), (8 
roe S — 9HTpomna. 

OToT uHTerpal ONMCbIBAeT TAK HA3bIBAeCMYIO «IPHKTCCHHOCTSY HII 
«BMOPOXKCHHOCTb» B BeILECTBO Ma@FHHTHBIX CHJOBBIX WMHuM. B yacTHO? 
cmyyae BewMunHa 0 MomKeT ObITb NOCTOAHHOH, KOTOpaA ompeemAeTcA 
OUeCBUAHO, HavabubIMa ycuoBuamu. Tlogcrapasaa (8) B (5), MOmyuaem: 


OU) a) ae 0 ee 
A ne Ta ~ = (p+ ee #*). (9 


Ypapyenua (7) u (9) copmMecTHO Cc ycOBHeM adMabaTHUHOCTH UH ONpe Le1A10) 
BYXKeHHe Ta3a B paccCMaTpHBaeMOH 3aslaye, 

TakuM O6pa30M, Mpou3BOJbHYIO 3aqauy 06 OMHOMePHOM HecTalMoHapHor 
TCUCHHH Ta3a B MarHHTOra3s0AMHaMHKe MOMKHO, JL@HCTBUTeJIbHO, CBeCTH 3} 
aHaOrH4yHOH 3aaue ras0MHaMUKH, B KOTOPOH CuekyeT TOMbKO OOBINHO! 
BHIPaKeHHe YpaBHEHHA COCTOAHUA P(P) 3AMCHUTb Ha BbIPAKeHue: | 


Pm(0) = P(0) + “ae P (1d 


B yacTHocTu, A CKOpocTH pacipocTpaHeHuA BO3MYIILeHHH 


on al we Nn OR oes 
Cm —( Oe ) _ 2) ater ee ie ae i ¥ (il 


re C= Vy p/p — o6stunaa cKopoctb 3ByKa, a V pH? / 4x9 — marnurtoras’ 
MMHAMMYECKAH CKOPOCTb, Y— OTHOMeHHE TeNOeMKOcTe. 
YpaBHeHuA XapaKTePHCTHKM MMEIOT BUT: 


dx ez. V2 ub? ; 
Pie Nee NRE RIC Career) 


4 (12 
Cm e d | 
ot | anes vt | Dy ee ae, + 45 = const. | 


CkopocTb ucTeKaHua ra3a B BakyyM (8 KOTOPOM HeT TakKxKe HM MarHuY 
Horo noms) 


Oo | 
Re care To | 
vino =| ait pe ape (1& 


OuespuaHO, 4TO BbIpawKeHux (12) u(13) moryT OniTh nerKo nNOoACUNTAHE 
JIA MO60TO 3ayaHHOTO ypaBHeHuA auadart. 

Jlaua crauvonapHoro teyenua (Ov/dt=0) us (9) Haxonum anasto} 
ypapHenua Bepuy.ran: | 


4 2 iy 2 
pet wt Pease + r= const, (14: 
rae w—Tenlopad PYHKUMA. 

Hspectuo, jaiee, TO MOMHO NOTyUMT OOMLeEe pemleHHe ra30,MHaMu 
yecKOH 3afauH 06 OAHOMeEpHOM JBYXKeHHM B CyYae, ecaM ypaBHeHut 
COCTOAHHA uMeeT BUT (?) 

2n+3 


2n+1 
p=Ap +B, 
rae A wu B—npou3BoubHble MOCTOAHHHIe, a # — WelOe NOMORKUTeAbHOE 


YHCIO WIM HYAb. OuesnHO, YTO NOROOHEIM Ke O6Pa3s0M MOXHO NOY UATE 
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oomjee penieHve MarHuTora3s0quHaMuyecKoli 3anaun 06 OJHOMeEPpHOM JBH- 
KCHHM Ta3sa B CJyyae, CCH ypaBHeHHe COCTOAHUA MMeCeCT BULL: 


2n+3 


ADs elee syete 


ee. : (15) 


Tlon6upaa TPH MPOW3BOAbHBIX Napametpa: A, Bu n B (15), MbI MO2KEM 
‘€ MOcTaTOUHOH TOUHOCTHIO aNNpoKcumupoBatb w060e elictBuTeHHOe 
ypabuenue cocToxHus. B yacTuoctu, OcoOeHHO MpocTbIM ABAAeTCA Cryyali 
n=0, Tak Kak TOTa MOKHO MpOMSBOAbHOe ABWXKCHHE pa3sOXKUTb Ha 
ABE HEB3aHMOAeHCTBYIOMIME BOJHDI, paciipoOcTpanAWMHecA B pa3sHble cTO- 
“pousl. Takum oOpa3om, ecm elicrBuTebHOe ypaBHeHHe COCTOAHMA all- 
-MpOKCHMHpoOBaTb B Buse 


P(e) = Ap? +B ep, (16) 


TO OOmee PeeHHe COOTBETCTBYIOIUX YypaBHeHHl MarHuTOra30,MHaMuKH 
‘wMeeT BH 


Xx =(v+Cm)t + Fi2(u+ Cm), 


ub? 2 ui? 
Cm = 3Ap? — 7 p= 3A? — cae (OGG) 


roe F, u F,— Be mpousBoubHble dyHKuuu. HerpyaHo yOegquTeca, To 
alupokcuMayua (16) maeT ocTaTouHO xopomree mpHOuMxKeHHe AA 
ypaBHeHui cocTosAHHH Buga p = const(e)’, rme 1 <y<3/3, T. ec. ypaBHeHHi 
/COCTOAHHH, pe AcTaBAAIOUIAX MpakTHueCKHH MHTEpec. 

Oco6ble pewleHHuaA A NMPOW3BOMbHOTO yPpaBHeHHA UB39HTPOMbI, o4e- 
/BHJIHO, HMCIOT BULL 


ix = (u+¢m)t + F(v): v=+\cnding=+\ Vf 2+ a dine, (18) 


‘rae F(v)—pou3B01bHand d@yHKWMA CKOpOCTH. 

He mpeactaBaseT Oo1buIMx Tpy—HOCTeH OOOOMleHHeE 9TOTO MeTOa Ha 
[cmyuah WuIHHApuyeckoro, a pW HEKOTOPHIX YyCAOBMAX HM CSepHyecKoro 
| WBHXKeHHA, a TaKoKe WU Ha CAyUalH HeaqMaOaTHYeCKHX JBH2XKeHHH raza. 


Tloctynus0 
22 1 1954 
LIATHPOBAHHAA JIATEPATYPA 
ab'peu, Kocmuyeckan gaextpoguuamuka, VWI, 1952. ° JI. A. Jlauaay, 


2G we 
LE. M. Jiug@wuu, .Mexayuka cnsomHpix cpey, 1953. 
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Hoxnaagu Anagemunu Hayx CCCP 
1954. Tom XCV, Ne 4 


PH3SHKA 
Axajemuk JI. Jl. JIAHJJAY, A. A. ABPHKOCOB u HW. M. XAJIATHAKOB 


ACHMMITOTHYECKOE BbIPAXKEHHE JIS TPHHOBCKON ®YHKUMM 
Q9JIEKTPOHA B KBAHTOBOM 93JIEKTPOJMHAMUKE 


B mpeabiaqyujei paOorte (*) Hamu OblIM NOmyueHbI ypaBHeHHA WIA OC- 
HOBHHIX (PYHKUMH KBAaHTOBOH 21eKTpOLMHaMuKH. TlocKoabKy MBI NOocTaBuJH 
cBOeH 3aayeH TOUHOe PelleHHe 9THX YPaBHEHHH, MbI HE MO2KEM M01b30- 
BaTbcA ld BetMuHH G, Dy uw Vy ux OObIMHIMM BbIPAKeHUAMM jaxKe 
C T€peHOPMMPOBaHHbIMU KospPuuveHtamu. 

Bpuxy adatuTuynoctw dyuHKuui G u D,, Ham QocTaTOuHO onpeeUTb 
UX IPH OTPMUATebHbIX 3HAYeHUAX p* u k*® (MpOCTPaHCTBEHHHIe BEKTOPHI), 
mocse vero OHH MOYLyT OBITh aHaTHTHYeCKH MPOAOMKEeHbI YeEpe3 BEPXHIO1O 
NOJyNAOCKOCTh Ha NOJOKUTeEIbHbIE (BpeMeHHbIe) 3HayueHHA. Tloap3yacb 
mpeoOpa3s0BaHveM, YKa3aHHbIM B padoTe (*), MbI MOMKeM NepeBectTu UHTer- 
pupoBanve B ypaBHeHuAX aA CG u Dy, B eCBKAMMOBCKOe 4-mMepHoe Mpo- 
cTpauctso. T[Jostomy Aaa onpenentenun G u Dy, -cymecTBeHHy!0 pOwJb 
urparwrT I, oT uncTO MpocTpaHCTBeHHHIX BeKTOpoB. [IpoBoya TO #xe Upe- 
oOpasoBaHve B ypaBHeHuH AAA T,, Mbl BAAMM, YTO Takue «mpocTpaHct- 
BeHHble> G, Dy, u Ty cocTaBaaioT 3aMKHYTY!O CHCTeMYy BeJIM4HH, HE Tpe- 
6ylOlluxX [AA cBOero ONpewetenua paccmoTpeHua I, B Apyrux oOmacTAX 
3HayueHHuH uMnyapbcoB. B ato paboTe MbI OrfpaHH4YMMCA NOMyyeHHeM, Kpome 
Gu Dy, TOKO «“apocTpaHcTBeHHbIX» I, u Tex, KOTOpble MOryT ObITb 
MOMYYeHbI H3 HAX AHAIMTHYECKUM TpOAOJKEHHEM. 

IIpu pemenuu ypaBHeHuH OCHOBHOe 3Ha4eHHe HMEET MOBEMeHHE BCEX 
MyHKUni Mp OombMIMx 3HAYeHHAX HMIyAbCOB p>>m uv k->m. Byzem 
uckaTb dyHKuuu Gu Dy, B Buse: 


(p= EE, (1) 


1 ¢ > yk, ¢ RR, c 

Disb) = a |e (4°) (Bn — “Ge ) + hs (2) | . (2) 
rae d@yuKkunu 8(p?), d¢(k?), di(k?) — MeaqnenHO MeHAIOUIMeCA PYHKIMM OT 
p= u k®. Uro xacaetca I,, To moKaxem, 4TO ypaBHennw Aaa Py yLoBae- 
TBOPAeT BbIPawKeHue BUA 

Pip, GD = %ua(f*), (3) 
rae «(f?)— Meaenno MensIomadca @yHKUMA apryMenta; f° — m100ae M3 BE- 
auuun p”, g? u l?, Korga OHM OAHOrO NopsgKa. B cayyae, Korma OHA 
¥3 9THX BeEJIMUMA Masa 10 CpaBHeHuO C ABYMA Apyrumu, B KayecTBe f* 
Halo OpaTb HavOo1puty10o. TlockoabKy MbI BbIYMCAAeM «MpOCTPpaHCTBeH- 
nue» T',, Aaa KoToppix V— p’, V—@’, V— mpencrapaawT cTOpoHbl 

2 

OOLINHOFO TPeyOJIbHuKa (T. €. YMOBMETBOPAIOT PepaBeHCTBaM V—@t 
+V—P2>V—p ut. o.), Mbl CMOXKeM aHaWTHYeCKH MPOAODKUTh NO- 
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JyYaeMble PeMICHHA TOAbKO Ha TakHve He 4MCTO MpocTpancTBeHuble P 
ua KOTOpHIxX smn60 p*, g? u 2? ofHOrO NopsAAKa BeAMUMHEI, mH60 Tp) 
MaJIOCTH OJHOTO H3 HUX [Ba ApyruxX MocTaTOYHO O1u38KH [pyr K Apyry 

Tlogctapum Bpipaxenua (1), (2), (3) B ypaBHenue (1) padorni (*). JlerKe 
BHLeTb, UTO CTOAMM B MpaBow uacTH WHTerpad 3a uCKsONeHHeM cade 
MeHsIONMxXCA PyHKUMA sorapucMuyecKu pacxogutca upu |k?| >| p*| j 
| k?| >| q¢?|. CoornercTBeHHo, 9Ta OOaCTh HHTeErpupOBaHHA UrpaeT B U 
Terpade OCHOBHY10 powb. B stolt oOnacTH MOXKHO MpeHeOpeub p, gq u L ne 
cpaBHeHulo c k, uw BCe CTOAMIMe NOX HHTerpastOM BbIpaxKeHHA CTAHOBAT! 
ca dyHKuuAMU TOKO OT R. Ilocae ycpeqHeHHA 0 HalpaBJIeHHAM BEKTOP) 
Rk ‘uy BBIXOMMT 3a 3HaK MHTerpasa, NOATBepKAaK |TuM dopmyay (3) 
a OJ MHTerpasoM ocTaeTcH cCKaApHoe BbipaxkeHue. JIA Toro U4TOOE 
nepepecTu MuHTerpHpoBanue no d*k B UpocToe uHTerpupoBaHHe no ak* 
BOCNOMb3yeMcH mpeodpasoBpanvem ky—>tky, yKa3aHHbIM B_ paooTe (3) 
Torga d*k nepetimer B 1(2x)? dQ, dQ ectb an1emeHt oObeMa B 4-MepHO? 
€BKIMJOBOM IIpocTpaHcTBe MW MOXeT ObITh 3anNcaH B BHZe In? Red 
rae R—pamuyc, B aHHOM cayyuae paBuElli Y— 2. Takum o6pa30 
MMCeM: 


* 


d'k > (— k*)d(— F?), ( 


a | 
Baoaa HOByIO TepeMeHHylo §= In (— Z), NOMyYaeM OKOHYATEJIbHO: | 
i} 


a(t) = 1+ 7 a8(2)6* (2) di (2) dz. 5) 
g 


OrTmMeTuM, 4TO B 9TO ypaBHeHHe HE BXOAUT BeHMUMHA Az. 

Ilepefimem Tenepb K ypaBHeHulo Aaa G (4) (*). Jlerko pBugeth, 49d 
CTOAMMA 3eCb HHTerpal pu Oombuux RSS p pacxonutca. Xora 97 
pacCXOQMMOCTb Ha NepBbIH B3ria, MepBoro nopsxAKa no k, ycpeqHenue ni 
HallpaBJ€HHAM IPHBOMT, KaK HU3BECTHO, BBUY BeKTOPHOTO xapaKTeps 
BeJIM4MHbEI k, CHOBA K MOrapHd@MuYyeCKOH pacxomuMocTH. STO 3HayUT, UTC 
Mp pa3sO#XeHHH NOAMHTerpastbHOro BbIPaxXeHHA NO OOPaTHbIM CTeNeHAM 
MBI QOJOKHbI BCIOAY YYNTHIBATb YIeCHbI CeLyloulero NoOpAaKa MasocTH 
CooTBercTBylollue WieHbl B G HaxXOATCH HEMOCPeCTBEHHO U3 OpMyJis 
(1), rae MbI, pasyMeeTCH, MOXKeM, BBUAY cwadol s3apucumoctu 8B oT p® 
OPPaHHUMTbCA pa3sJIOHKeHHeM B PAN 3HAMEHATCIA, T. €. HAaMUcaTh 


- 


Re Re eres | 
G(p—k) =~ — "8 (Rt) p=. (6 


~> 


HeoOxonumo, OfHako, Take yuecTh NonpaBKu nopsgKa p/k uf 
udp, p—k;k). aa onpexerenua stux NOMpaBoK MBI LOKHbI OOpaTUTECs 
CHOBa K ypaBHeHuio Aaa Ty. TlockombKy geno user O ManbIX O6aBKax 
BOSHHK@IOWMX pa Wepexofze or p=O0 K KOHEUHOMY P, MbI MO2HKEM pac: 
CMaTPHBaTb H3MCHEHHE MHTerpada B NpaBokk YacTH Kak CyMMY u3MeHeHHE 
MPOMCXOMAMMX OT KaxKMOrO wena NO MHTerpatom. Onenka moyuat: 
WjerOCA IpH STOM BbIPaxKeHHA NOKasbiBaeT, TO npn kl nomunTerpaab 
Hat (yHKWAA OOpaTHO MponopyMoHambHa k°*, T. e. wHTerpad pH Oo 
mux Rk cxoquTcH. Onnako unterpad mpHoOperaer aorapudMuyeckui BU] 
B OOacTH 3sHauenuit k LS k>> p, KoTopas, TakuM O6pas0M, HU OK 
ABMTbCA TAaBHOH OOMacTbIO HHTerpupoBanus. IIpu 6OabmIMxX WM MECHbIIH 
3HaveHHAX RK WHTerpal Maer OTHOCHTEAbHO MaJble NONPaBKU, KOTOPBIMY 
MOMKHO WpeneOpeub C paccmMaTpHBaeMOl TOUHOCTHW. 

B yka3aHHow OOacTH HHTerpHpoBaHHA AOCTATOYHO, OUEBULHO, YUNTHI 
BaTb TOMbKO oOaBKu p/k, Tak Kak OHM Topa3qo Sombre uem p/Tl 
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MoxHO MoKasaTb, YTO ocTaTOUNO orpaHMuMTbCA B BLIPAKeHMU JIA 
Is(p, p—l;l) noOapkamu Buna 


ELA, (p, ?) Fo + Ao(p?, P) tol] 4 ; (7) 


HeTpyHO MPOBEpuTb, YTO WoOOaBKH Apyroro Bua He BO3SHUKAIOT OT CG 
B dope (6), camu mpu NogcraHoBKe B MHTerpad LaloT ONATH BLIPAKeHHA 
Tuna (7), a NosTOMy Mp cpaBHenun eBoOH uM MpaBoli uacreli y paBHeHua 
OKa3bIBalOTCA PaBHBIMH HyVIO. 

| Tloactapaasa (6) u (7) B ypapHenve aaa Ty (1) (1) wu ucnoab3ysx mpeo6- 
pasopanue (4), nonyyaem gan A, wu A, ypaBHenua: 


9 


2 


Ay 1) = gh a(n) 8 (n) (8 (2) {As (6 2) fei (2) — a (2)) + 
E 


+ [As &, 2) + & (z)] [di (z) + de (2)}; (8) 


Ao (Eq) = sho? (x) B Cn) (8 (2) fA, &, 2) far (2) + ae (2)] + 
E 


+r [As (§, 2) + @ (Z)] [di (2) — a: (2)]}. 
elecb §=In (— F) vu y=In (— =) ; 


m? 
Tloqcrapiaa sBpipaxenua (6) u (7) B uHTerpat B ypaBHennu gaa G, 
B KOTOPOM OCHOBHaA OONacTb WHTerpHpoBanun p<OkR<oo, mnoayuaem 
‘mocse aHaJlOLMuHbIx MpeobpasoBanHit: 


28 Se: ie) [a (z) + Ay (E, z) + As (&, z)] 8 (2) di (z) dz. (9) 


CxaqpiBaa o6a ypaBHenua (8), nowyyaem aa cymmbl A, + Az: 


e2 


PALE. 9) + ALG, 0) =e (DB () 


Meas 


B (z) ds (z) [Ax (, z) + Ao (E, z) + a(z)] dz. 
(10) 


|  OTMeTHM, 4TO B 3TOM ypaBHeHHu HM B ypaBHeHuH (9) CHOBa BHINala 
BesMuHHa ad; Takum o6pa30M, ypaBHeHuA AA onpenenenua Ty wu G morytT 
}pelllaTbCad He3aBHCHMO OT BbINMCeHHA POTOHHOK pynKuuH Dy. [Iponoap- 
pHad uaCTb d; ABJACTCA, KAK YIKE YKA3bIBANIOCb, MPOM3BObHOH BeHUH- 
}HOH, KOTOPy!IO MbI COxpaHAeM B ypaBHeHHAX MA MOKasaTeIbCTBa UX Fpa- 
JIMeCHTHOM unBapHaHTHocTu. Camo co6oli pasymMeeTca, YTO 3aBucuMOCTb UG 
iu, ot dj HH B KakOH Mepe HE NpOTHBOpeyMT TpasMeHTHOK MHBAapvaHT- 
)HOCTH YPaBHeCHHH, NOCKOMbKYy 9TH BeAMYMAbI IpM TpayMeHTHOM mpeoodpa- 
/3OBaHWM HE OCTAIOTCA HCH3MCHHBIMH. 

Bpejem oO03HaueHHe 


Oem) ann) oe 
Pempem  — 2 te 


‘orga g (&,) yHOBAeTBOpHeT ypaBHeHHI0 
e Bi - ae 
G6) = 2\e@P@aleah2)+ eo \@e@adleaz, (12) 
é g 
Ypapnenue (9) MomweT ObITh TeMepb 3alMcaHO B Buse: 
4 


pe (= i 
ae = 1 +9 0%), (13) 
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Ypapnenua (5), (12) wu (13) gaioT BO3MO2%KHOCTH OHOSHAYHO oONpes 
autp a u 8. Tlocae mubepenuupopanun ypaBHenui (5) u (12) (mocae 
Hero mo 4) Nowyuaem: 


2 
& = — Ler @diQ) ( 
CGNs ee : ees | 
= OP Ma ee 7, *CUR aC), ¢ 


K sToMy Hao OOaBuTb TpaHH4Hble YCJOBUA W3 HHTeLPabHbIX Pe 
HeHuH 
a—>1l mnpH §—>o; 
g=O0 \npw =} ==7- 
Baoga HoByo dyuKuuro r(é, y) = a(y)g(E, 4), HMeeM: 
ar (En) _ % 0 
ore). — a1) Bn) di (~). | 
Orca 
ef 


ren=Zle@rw@a@de, *E9 __ A a@s@ae 
( | 


TT 


IIpu yoo umeem uo (13) r(é, co) = 7 1, oTKy ma 


en 
= Te (BEd). 
Hs storo ypapuenua u (14) cnenyer o8 = const wu, y4NTbIBad 1) 
HMYHbI€ yCJOBHA, | 
a (2) 8 (E) = 1. ( 
JlerKO BUeTb, YTO 3TO YCOBHeE HeMOCpeACTBEHHO CJIeAyeT U3 TE 
pemp! Yopyza (*) 


0G 
Py(p, 0) = | 


eCJlM y4ecTb, 4YTO MeAJICHHO MeHAIOIMAAcA PyHKuuA 6 Maer UpH Aude 
PeCHUMPOBaHHU YIeH OoOsee BHICOKOrO NOpsAAKa. 

Ilocae nogctanopKku (16) B ypaBHenve (14) nowyuaem OKOHUATEJIbH 
¢ y¥eTOM rpaHM4HOrO ycJIOBUA, 


e 


a) 


| 


BS 
ad 


a (8) = exp| (ai (2) dz|, a) = exp[—2( ale) az]. (i 
E a 


Dopmyabt (17) u306paxator no cyulecTBy rpaqMeHTHOe Mmpeobpason 
Hue BewMunH GC vl’, (qa MeIeCHHO MeHAIOIMUXcH BemMUNH d;). Handom 
YHOOHHIM BBIOOPOM ABUAeTCA, O4eBHAHO, BHIOop d;=O0 (B mpoTHB 
MNOJOHKHOCTh OObIYHO NOMaraemomy d@;=1). IIpuH 3TOM HuKaKux pacx 
mumoctei y I, u G ne Bo3HukaeT BoOOme, H 9TH BemMUUHEI (l'y C yK 
3aHHBIMM BbINIe OrpaHH4ueHHAMU) MpOCTO paBHbl CBOMM HYJeBbIM 3HAaYeHHA 
OrmeTuM, 4TO Takad HOpMMpoBKa NO CylecTBy cooTBeTcTByeT ycJOBH 
Jlopenya OA; / 0x; = 0. 

Ilocrynua0 
19 IT 1954 
UWHTHPOBAHHAS JIMTEPATYPA 


+ JI. A. Jlangay, A.A. A6OpuKocos, MW. M. Xanatuukos, DAH, @ 
Ne3 (1954). #1. C. Ward, Phys. Rev., 78, 182 (1950). 
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Jlokauagn Akagemun Hayxr CCCP 
1954. Tom XCV, N 4 


PH3HKA 


B. B. TYPOBILEB u VM. C. WLATIMPO 
_PAJMAUMOHHbIM = K-3AXBAT JIA 3ANPEUWLEHHbIX MEPEXOJOB 


(IIpedcmasrzeno axademuxom Jl. B. Cko6ensyvinom 18 I 1954) 


| SaxBaT ApaMM aTOMHBIX 9ACKTPOHOB MOXKET COMpoBROK AATEC ucHy- 
| CKaHHEM Y-Jy4eH HeMpepbIBHOrO CHeKTpa (paqMauMOHHblli 3axBat). [locKoap- 
| Ky uallle BCe€roO NpOHCXOQUT 3axBaT 37eKTpOHOB K-o6O0m104KH, HaHOOub- 
/ WMH HHTepec MpeAcTaBAseT ABJeHHe PpaqMayHoHHOrO K-3axBara, BuepBble 
/TeopeTu4ecku paccmoTpenHoe Moppuconom u Luddom (*) u asKcnepu- 
a OOHapyXXe€HHOe B TeYeHHe NOCA€AHHX JECT PANOM aBTOPOB 

BepxHsaa rpaHulla HeMpepbIBHOTO CNeKTpa y-yyel, HCMycKaeMbIx pH 
paquauvoHHom A-3axpate, paBHa NMOHOH sHepruu nepexoga FE. Dro 06- 
CTOATEIbCTBO MO3BONACT UCHOAb3OBaTb paMalMOHHbIM K-3axBaT MIA We- 
eH Ae€pHOH CMeKTpOCKONHM B TeX Cy4aAx, KOrqa AAA uccaeAyemoro 
PaWaKTHBHOTO Apa NO3MTPOHHbIN pacha 3ZHEPreTHYeCKH HeEBO3MO2KEH. 
Onpenejtenne BepxHeH rpaHHUbl y-cCNeKTPpa MOXeT ObITh MyUIMIe BCerO BbI- 
NMOJHEHO NyTeM CIPAMJeCHHA KPHBOM 9HEpreTHYeCKOrO pacnpeerenuA, 
“aHaJIOrH4HO TOMY Kak 9TO jleaeTCA pH OTHICKAHHM BepXHUX TpaHHy 
8-cnextpos. Jima 3Toro, OMHaKO, HEOOXOAMMO 3HaTb NpeACKasbIBaeMyl0 

TeopHeli opMy cMeKTpa, KoTOpad B padoTe (*) BHIUHCeHa JMUIb Wa pas- 
“penicHHEIX Mepexosos. 

, B waHHow craTbe paccMaTpuHBaloTCA NepeXObl WepBoro NopsAAKa 3a- 
‘TIpeuleHuA JIA BEKTOPHOTO UM TeH3OpHOrTO BapuvaHTOB Teopuu. Kaxk OyjerT 
-ACHO H3 altbHeMulero, MeEPeKPeCTHHIe€ YICHbI, NPONOPWHOHAbHbIe NWpoHus- 
Belenuio £y-Lr (Lv, Lr — KOHCTAHTHI BEKTOPHOFO HW TEH3OPHOFO B3aHMO- 
‘jelicTBui), He MeHAIOT CYIIeCTBEHHO (OPMbI CNeEKTPa CPaBHUTebHO CO 
cyuaeM pa3peuleHHbIx nepexozos. [losToMy Hw2Ke MpPHBOAATCA TOKO 
AHarOHaJIbHbIe UJICHEI. 

C TOUKH 3peHHA TeOPpHH BO3SMYUeEHHH paMauMOHHBIH K-3axBaT AB- 
JIACTCA UWPOWCCOM BTOPOFO NOpALKA, COCTOAMIMM U3 ABYX BHPTYaJIbHbIxX Te- 
pexojoB: siexTpon K-o60104KH NepeXOANT B COCTOAHME CIIOUIHOFO CeK- 
Tpa, UcNyCKas {-KBaHT (nepBblli mepexo), A1po (A, Z), 3axBaTHB 93,1eK- 
TPOH M3 CMVOMWHOFO CNeKTpa M UCIYCTHB HEHTPHHO, NpespallaeTcA B ALPO 
(A, Z—1) (stopok nepexog). Matpuunpiit semenT nepexoya Oy eT: 


Ha Sf lel G14, 1% 
ee ergs (1) 


rhe uygeKchl f, 7, 0 OTHOCATCH K KOHEYHOMY, NPOM@2KYTOUHOMY HU Ha- 
YaIbHOMY COCTOAHHAM; Hf, H | — raMuJIbTOHMaHbl B3AMMOACHCTBUA HYKJO- 
HOB C 9J€KTPOHHO-HeHTPHHHBIM NOM HW 3ACKTPOHOB C 9JeKTPOMarHHT- 
HbIM Tomem. JlerKo Buserb, uTO pasHocTb Ey— £; MOxeT OOpallaThcA B 
HYJIb JA OTPHUATEIbHBIX SHEPIHH IEKTPOHA B MPOMeKYTOUHOM COCTOA- 
Huu, ecu 9Heprun Nepexoga E yAOBAeTBOPACT COOTHOMICHHIO 
E> 2me’, (2) 
777 
6 JAH, rt. 95, Ne 4 


re mc2— sneprua noKos auexTpona. I]pu BbIMOHeHHM yCJOBMA (2) Bog 
MOXKeH NO3WTPOHHBI pacnad, u OOpamlenue B HYJIb38HamMenaterA B (1) cc 
OTBETCTBYeT IPOMeCCY AHHWTHAAWMM MCHYULEHHOFO AAPOM NO38HTpoHa C OF 
HMM M3 aTOMHBIX 9JIEKTPOHOB (BeEPOATHOCTH TaKOTO Mpomecca paccunTaH 
B (°)). Tlockoupky, OMHaKO, paquanHonHD K-3axBaT WpeAcTaBJAeT HHTepe 
TlaBHbIM OOpa3oM B TeX CAyuadX, KOrLa MOSHTPOHHBIM pacnal OTCyTCT 
ByeT, Mbl OrpaHHuuMcA paccmMoTpeHuemM OOnacTa E<(2mc?, AA KOTOpO! 
tbopmyaa (1) npumenuma. Bce pacueTb! MpoBewenbl HaMH B OOPHOBCKO! 
npHostmxKenuu. Eqvnnub! BblOpaHbl Tak, YTO m=h=c=1. 

BpIMOHHB JLOBOIbHO JAMHHBIe€, HO CTaHapTHble BbIYHCJICHHA, MBI MO 
ayuaeM cleqyomlue pesybTaTHl Aaa Luddepenunatpuon (W(k)) wu unre 
rpatbHoh (W,) OTHOCHTeAbHEIX BepOATHOCTeH PafuawuonHoro K-3axpara 


W(k) = P(R)Cix (4); (3 

Cr) ae ee), (4 

Wo (EE) = \ W (a) dk = Py(E)(1 — Dix(E)), Xe Ves eee (5 

rye R—93Heprua y-KBaHTa (B eMuHUax mc”) u 
a (E—k)? i 

P(k) = — “= &, (6 

E | 

ob 5 41 ea 

Pi(E)=\P(e)dk = GB, a= a. (' 


0 


Ypapuennsa (6) u (7), panee noayuenHpre Moppuconom u Uluddom, za 
1oT AuepenuMalbuy!0 MW MATerpadbHylO BePOATHOCTMH pakMallMOHHOr’ 
K-3axBatTa JIA paspeuleHHbIx Nepexoxos. Beanuunpt Diy ad BEKTOPHOT! 


M T€H3SOPHOrO BapvHaHTOB UMEIOT BULL: 

De Ga (3) 
Fy = (rf; (9) 
ov= [Jefe el(Se) (Qe) — Cr) Caylee slsehs ao 
Fr = 5B 1y|\e-r[ +e lexrf +i Sl Suh] (1 

Gp =|) ePeio el) ere ea 
+ (exe) (allen (arse) ena4 |e) Sade 

; 


B ypapuenuax (9)—(12) ucnonmpsospaHb! o6menpunaTHe o6c3Hauenns 
AREPHBIX MATPH4HBIX smemeHTOB. B uactuoctu, By; ectTh cumMeTpH4HETit 
TeH30p 2-ro paHTa Cc pal abIM HYMO CuIeqOM: | 


Biy=\ {oj ri + ors —%/a0ij(20)}, ) 
re ¢ — MaTPM4HBIN BEKTOP cnuHa. , 
Muoxuterab Cyy oxa3pipaetca BecbMa Omu3kuM K 1. TJlocaenuee CBA 


SaHO C TEM, NTO MMCIMTEb BbIpPaKeHHA Diy cokepKUT wWenbl, mponop-| 


2 
ILMOHAJIbHbIe (\r) M PaBHBle 10 NOpaaKy Betuuunb (ER), rae R— pa- 


WMyc Apa (B equnuyax h/ mc), rorma Kak B 3HaMeHaTeme uMeIoTca Uze- 
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2 
HbI ae /c? (U —cpeqHaa CKOpOCTh HYKAOHOB B ape), Npoucxorsaune 
OT (\2) - IlockoapKy npapusia or6opa aa MaTPHUHBIX 9/eMeHTOB \r u 


\ a OMMHaKOBbI (CM. (*)) H B uHTepecyiomeli Hac O6sacTu 9aHepruii nepe- 


xomos ER<v/c, to scerga Diy<1. Cymecrsenuo unas CHuTyallua MO- 
%KCT MME€Tb MECTO B CJTyyae TeH3OpHOrO BapMaHTa JAA Mepexoyos Tuna 
O0+>0 u AJ=+2 (AJ —pasnocts yraoBEIx MOMeHTOB UCXOHOTO U KO- 
‘HeuHoro afep). Lia Takux NepexoZOB OTAMUHHI OT HYAA TOABKO MaTpu4- 


|HbI€ 3JIEMEHTHI \ or (O00) u By (AJ = +2). Benuunna Dy oKa3pipaetca 
pH 9STOM CpaBHHMOH Cc eHHULeH, 
BCJ€ACTBHE Yero (POpMa Y-cMeKTpa or- 
AMYHA OT TaKOBOH JA paspeleHHbIXx 
Tlepexo os. 

Ha puc. 1 npeazcrapaennt copmpi 
CHEKTPOB AIA paspemleHHbIX (KpuBasn /) 
‘M YKa3aHHbIX BBIMEe 3aNpelleHHbIX (KpH- 
Baa //) nepexOZ0B B TeH30pHOM Bapu- 
aHTe Teopuu gaan AJ=+ 2. Kak sBugzno 
M3 PHCyHKa, pasiMuve KpuBHIx J u // 
MOBOAbHO 3HaYHTeAbHO — pa3HOcTb op- 
WMHAT pv 3HaveHuAX adcuucce 0,3—0,4 
cocTaBaaeT oKOTO 30%. ee 

OOaacTb MpMMeHHMOCTH MpuBeseH- OM oe 

HbIX BBIINe Ppe3yAbTaTOB oOrpaHuueHa Bie 
JerKHMU A/paMu BBUAY UCHOMb30BaHKA 
OOpHOBCKOrO npHOaMxKeHUA. K coxae- 
HMIO, pacueT BePpOATHOCTH paMamMOHHOrO K-3axpaTa IA TAKeJIbIX 
AMep, TPeCOyIOWMH UCNOAb30BaHUA PeAATHBUCTCKHX KYJIOHOBCKMX BOJ- 
HOBbIX (PYHKUMH AA 3TeKTPOHa, COMpAKeH C OOAbIIMMH TPYAHOCTAMU 
W3-38 HeOOXOMMOCTM BHINOAHHTb B CpopMyste (1) uHTerpupoBaHue nO 
SHEPprHAM 3TCKTPOHA B MpOMe#KYTOUHOM COCTOAHHH. 

OrmetTuM, 4TO aHasM3 ONyOMMKOBaHHBIX NO paquauMoHHOMy K-3axpatTy 
SKCHEPMMEeHTAJIbHBIX JaHHbIX CBUeTeAbCTBYeT O CNpaBeAMMBOCTH PopMy A 
(6) u (7) maa paspemenHblx nepexozoB jateKo 3a mpexeramMa NpHMeunn- 
MocTH OOpHOBCKOrO NpHO.MKeHUE. 


MockoBckHit rocyLapcTBeHHbIA Ilocrynuao 
5 Giz 
YHUBepcuTer 8 XII 1953 

um. M. B. JlomonocosBa 


LMTUPOBAHHASA JIMTEPATYPA 
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Science, 115, 12 (1952). °C. E. Anderson, G. W. Wheeler, W.-W. Watson, 
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P®H3HKA 


E. B. WITOJIbLL wu A. C. WYP 


AHU3OTPONMA MAPHUTHbIX CBOMCTB B MOPOLIKOBbIX 
OBPA3UAX HW3 CIVJIABA MnBi 


(IIpedcmasaeno axademuxom H. K. Kuxounom 15 1 1954) 


1. J[o HacTrosmero BpeMeHH HE yalOCb NOHOCTbIO OOBACHUTL Uu3H- 
4eCKY!O IpHpOy ABJeHHH, OOYCIOBAMBAaIOWUX BbICOKHe 3HaYeHHA KOIp- 


WHTHBHOK CHJbI, HaOOTaeMble y HEKOTOPHIX GeppOMarHHTHHIX CN1aBOB 


(BHICOKOKOSPUMTMBHEIX). Ha OCHOBaHMM HCCeEROBaHMA pa3sIMUHBIX (busn- 
YeECKUX CBOHCTB MalHHTHO-aHM30TPONHbIX BbICOKOKOSIPIMTUBHBIX CIMaBOB 
ObIMO BbICKa3aHO TpeAMOTOKeHHe O TOM, YTO NOABACHHE BHICOKOMH Koap- 
IWMTHBHOH CHJIbI CBA3a€HO C BO3HHKHOBCHH@M OHOROMCHHOH MarHuTHOHK 
CTpyKTypbl (1). OqHako Wad yCTaHOBAeCHHA NpaBUuAbHOCTH 3TOTO Nmpemno- 
JIOHKeHHA HEOOXOHMA TaKad NOCTAHOBKa OMNbITa, pH KOTOPOH uMewacb 
Obl BO3SMOMKHOCTb CO3HATeJIbHO PeryAMPOBaTbh pa3sMep deppoMarHuTHBIX 
oOOpas0BaHHH, OPMeHTAallH10 HAaMarHHYeHHOCTH JLOMeHOB HU CTeCNHe@Hb MarHut- 
HOH aHusoTponuu. IIpu pemenun NOcCTaBAeHHOH 3aayH BaKHOe 3HayeHHe 
MOrYT MMeTb JaHHble O MAarHHTHbIX CBOHCTBAX OOpa3IlOB U3 MOpOIKOB 
pasMMuHOH WMCHepcHOCTH, OOMaalollMX BbICOKMMH 3HaYCHHAMM KOHCTAHTHI 
KpHCTatorpapuyecKOH aHH3OTPONMH, Pe3KO H3MeCHAIOULEHCA Cc Temmepa- 
Typo. OaHuM M3 HaMOOee NpMrOAHbIX MaTepHaOB JIA WaHHbIX Wesel 
ABNACTCA MATHUTHO-OJHOOCHHIA cCiwaB MapraHell—BMCMYT, y KOTOporO 
KOHCTaHTa aHH30TPpOMMM JOCTHTaeT PeKOPAHO BBICOKHX 3HAYeHHH pu 
KOMHAaTHOM TeMMepaType u pu ee NOHWKEHHM KaTacTpopuyecku nasaer (*). 

Hacroaujaa padoTra NOcBAMeHa UCCeOBaHHIO MarHUTHbIX CBOHCTB 
MarHUTHO-aHH3OTPONHbIX MOPOWKOBbIX OOpa3slOB M3 clwapa MapranHell — 
BHCMYT. 

2. Usury 4enuto ObIM NOABEprHyTb! NOPOMWKH CHaBOB MapraHell—BUCMYT, 
NOMyYeHHOFO NyTeM CHeKaHuA MapraHla M BUCMyTa IIpu Temnepatype 500°. 
Konueutpauna deppomarnuTuoh gasp) MnBi B sTom cnaaBe paBHa 
30 o6bemH. %, OcTaibHOe — CBOOOAHbIM MapraHell M BUCMYT. OTOT ciaB 
o6malqaer HaMarHuyeHHOcTbIO HacbimjeHua (47/;), papHot 2400 raycc, u 
KOIpunTHBHOH cuson H, = 80 apcr. Mopomku ciaaBa noayyanuch NyTeM 
MeXaHMuecKOrTO ApoOweHuA Cc MOCTeLyWMMM pa3sheteHueM Ha Gpakunu 
mo KpynHocru yactuy. Cpequuli auameTp d NOpOUIMHOK OTAeMbHBIX pak- 
uu Bapbuposat oT 1,2 mm go 3 #. 

MaruutTuaxd CTpyKTypa B OOpaslax CO3MaBalacb TEM, TO NOPOMKU 3a- 
aHHoli KpyHHOCTH, TIMaTeAbHO NepeMellaHHble C OaKeJIMTOBLIM JaKOM, 
MOMeIlaswuch MpM ux WpocymKe MexY Momocamu saeKTpomaruuta. He- 
CAeOBaHuIO NOABepramuch TPH Tula OOpasoB, MpomeAwMx MpocyuiKy 
B pasJIM4HbIX YCJIOBMAX: a) OOpasell MOMellatcA B MarHMTHOE Nose, Ha- 
MpaBJeHHOe BAOAb OcH OOpasua (MpOOAbHAA TeKcTypa); 6) Ha OOpaszell 
He HaKJalbIBasOCb MarHuTHOrO Nowa (He TeKcTypoBaH); B) Ocb oOpasua 
TeplleHAuKyAApHa MarHuTHOMy mo. (MmoMepeynan TekcTypa). HM3mepenua 
MATHUTHBIX CBOHCTB MpOBOAMAUCh OadAMCTHYeCKHM MeTOROM COpoca Tipu 


aByx Temnepatypax: — 195 u + 20°. 
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3. OcHoBuble pe3yJIbTaTbl H83MepeHHA MpeACTaBJIeHbl Ha PHC. 1—3 

B Tao. 1. 
4 M3 KpuBbIx puc. 1, Ha KOTOPOM NpHBeeHbI pasMaTHHU4MBaIOUMe BETBH 
Tereb TucTepe3uca, CHATHI€E C HETEKCTYPOBAHHHIX OOpPasOB C pasMUHbIM 
CpeqHUM pa3sMepoM HopomMHOK (oT 250 no 3 v), BUJLHO, YTO CyMecTByeT 
peskaH 3aBHCHMOCTb KO3PILHTHBHO 
cuibt H, MW OTHOCHTEIbHOH OCTAaTOU- 
HoH HamMarHnyuenHocTH J,//; OT KpyH- 
HOCTH uacTHI, Topomka. A MMeHHO, 
YMeHbINeHHe pasMepa YacTHIL NOpOU- 
Ka Bbispipaet poct Hy, u I,/Is; oco- 
6eHHO CHJbHOe Bo3spacraHue HT, wt 
/,/J; HaOmoMaeTcaA pH mepexose Ki 
TOHKMM TOpOrikKaM. 

Ha puc. 2 mpeacraBJeHbl Met 
rucTepesuca, CHATHIe C pa3JIM4HbIM’ 
o6pa3soM TEKCTYPOBAHHHIX OOpasilos,. 
M3POTOBJICHHHIX U3 MOPOMKa Co. 


ay Cpe€AHHM pa3MepOM YacTHI, paBHbIM) 
Puc. 1. PasMarHuyunBalollMe BeTBH NeTeJIb 3p. Kak BuOHO M3 KPUBbIX PHC. 2, 
rucTepesHca HeTeKCTYpOBaHHbIX OOpasyon NeTAA rucTepe3uca NIpOOTbHO~ 
M3 NOpPOlKa pasiMyNBIX pasMepos: 1— TeKCTYPOBaHHOTO oOOpa3sya uMeeT 


d= 250 vp, 2—-d=94, 3—-d=634, yan6ombulylo NAOMlagb, MpH ITOM 
4—Tp, d—3y 


I,/I; Onu3KO K efnHuye u = 

= 9000 sper. Y nerexcrypoBanHore 
oOpasia MAOWatb NeTAM Me€HbINe HU, COOTBETCTBEHHO, MeHbIMe 3HaveHHH 
A, wl,|J;. HawMenbutaad naomaqb mera rucrepesuca Ha6momaeTca y 
MOME€PevHO-TEKCTYPOBaHHOTO OOpasua, OOmamaiollero BMecTe Cc TeM 
HavMeHbIuHM 3HaueHHeM FT, u J,/Ts. 


A aOan weaned 


SaBHUCHMOCTb OT pasSME€POB YaCTHUN NOPOMUHOK BEAHYNHD KOOP- 

WHTMBHOHK cub H, wu OTHOCHTeCABHOKH OcCTaATOYHOH HAMATHHYeH 

HocTH J,/J, Y pas AM4YHBIM OOPaA3O0M MArHHUTHO-TEKCTYPOBAHHBIX 
NOpOWMKOBHIX OOpa3snosB 


20° —195° 20° —195° 
d mopown- |Texcry- 7 a@ Tio pourm-| | TEKCTy=|\ sn 

HOK B iL pa* oe Tr ils aoe Tr ITs HOK By. pa* oe Tr IT's nee, Tr [Ts 
3 I] 9000 | 0,93 | 150 | 0,09 63 lI 1000 | 0,30 | 4120 | 0,07 
0 5600 | 0,61 | 145 | 0,09 0 950) 05225) 100 OFO7 

allt LOOOR TOMS SOM EORO9 ib 850 | 0,24 85 = 
5) ll 5200 | 0,92 | 150 | 0,09 90 ll 700 | 0,24 | 110° | 0507 
0 3100 | 0,48 | 125 | 0,08 0) 700 | 0,19 | 100 | 0,07 
dL 1700 | 0,14 | 100 — al) 700 | 0,14 90} 0507 
7 | 3000 | 0,90 | 150 | 0,09 250 l| D007) OF 17 LOR ROROF 
2500 | 0,46 | 130 | 0,09 0 500 | 0,43 80 | 0,07 
dt 2000 | 0,26 | 145 | 0,08 AL 500 | 0,40 70 | 0,06 


|| — mpoqoubHaa TekcTypa, 0 —nHe TeKcTypoBaH, | — monepeunan TeKcTypa. 


B ra6a. 1 wv puc. 3 npuBeeHbl pe3yJibTaTbl ucCcCAeqOBaHHA BAMAHHA 
MarHUMTHOH TeKcTypbI Ha 3HauenuaA J/,/J; u He OOpasloB, U3rOTOBJeHHBIX 
M3 MOPOMKOB pa3sIM4HOK KpymHocTu yacTuu. Kak BuyxHO u3 puc. 3, mpu 
yMeHbINeCHHH Pa3sMepoB YacTuy BIOTh LO 10p A, o6pasyoB BO3pacraer 
He3HAYHTebHO WM anu30Tponna H,, OOHapyxXuBaemMad pu cpaBHeHUN O6- 
PasllOB pa3sIM4HbIM OOpasom TeKCTYpoOBaHHBIX, Tak»xKe HeBeauKa. [pu pas- 
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Mepe uacTun MeHnbute 10» He NpOMOAbHO-TeEKCTYPOBaHHbIX OOPa3sHOB pe3- 
KO sBospacraet or 3500 no 9000 apcr. pu nepexoyze oT OOpasua, co- 
cTodiero u3 uactuyc @=7p, K OOpasly us yacTHn c d=3p. 
‘Y HeTeKCTYPt dHHBIX OOpasilOB pW aHaiCOrMdiOM YMEHbINeHAM PasMepoB 
-yacTHlL HaOmORaeTcH MeHbIUMH poct AH, a uMeHHO, OT 2500 no 5600 apcr. 
O1Ta #Xe 3aBuCUMOCTD y Tone- 
‘PeuHO-TeEKCTYPOBaHHbIX 00- 
pa3suwoB UMeeT APyroh BUA, a 
MM€HHO, Upw yMeHbIIeHHH 
cpeHero pa3sMepa noporiKa 
mr? no 3» Hy, He TOAbKO 
He BOSpacTaeT, HO, Ha06oO- 
por, yMenpumaetca or 2000 20 


25000 apcm. 
| 1600 sper. SaBucumocTb  (d) 


MME€CT TAKOH KE XapakTep, 
Kak wu 3aBucumMocTb HH, (da), 
T. €. C YMC€HBITCHHEM pa3Me- 
pa nopomwka J,//; 1polo.bHO- 
ee Oban oOpasiloB Puc. 2. Iletam ructepesuca pa3iHv4HbIM O6pa30M 
‘BospactaeT OoONbINe, 4eM y MaPHUTHO-TeEKCTYPOBaHHbIX OOpasoB u3 NOpowKa 


HETCKCTYPOBaHHEX, a Ha pa3smepom 3u. 1—npoxombHaa TeKcTtypa, 2— 
OTCYTCTBHeE TeKCTYpbl, 3—nonepeywnan TeKctypa 


I 
Kpusolt ;- (d) nonepeyno-rex- 
S 


CTYPOBaHHEIX OOpa3sioB HaOmOMaeTCH M@KCMMyYM MPH pasMepax 4acTUL 
10—20 p. 
3 maHHblx, mpupezenuprx B Taba. 1, BUAHO, 4TO MpH Temmepatype 
KU LKOrO az30Ta paHee OMMCaHHble oOpa3subl HMCIOT HH3KHE€ 3HayeHHA Jnl 
| u /,/Is “, KpomMe Toro, Ipu 9sTOH 
TemnepaType ca6o0 mposBaneTcx 
BJIMAHHe Ha MarHHTHbIe CBOHCTBAa 
Kak pa3sMepa 4“acTH, Tak uM MC- 
KYCCTB€HHO CO3JaHHOH aHH3OTpO- 
HM B OOpasiax. 
4, HaOa10eHHbIe 3aKOHOMEPHO- 
CTH MOryT ObITb OObACHEHHI, CCIM 
~« MpHHATb, YTO TO Mepe pa3sqpoob- 
J@HHA TOpomwKa MpoucxoAT uB3- 
M€H€HHA B MarHuTHOH CTpyKType 
TOPOWMHOK, BbIsBAaHHbIe NpHoH- 
2KCHHEM 4aCTHIL K TAKMM pa3sMepam, 
Ip KOTOPbIX MOMKET CYLLECTBO- 
10 BaTb JIMUIb OHOJOMeHHAA CTPyK- 
Typa. EcrecTBeHHO NpeANO10#HTh, 


F yTO HaOsOaemMoe BO3pacTaHHe 

Puc. 3. 3aBHCUMOCTb KO9SPIMTHBHOH CHI uM ss 
OTHOCUTeAbHOH OcTaTOYHOH HamarHuyenHoctn KOIPUHTHBHOH CHJIbl Np Mepexo- 
OT pasMepa 4acTHIh NOopowika WA OOpasloB, MKS AK YaCTHIaM | MCHbIMUM, 4yeM 
Pa3IH4YHbIM OOPas0M MarHHTHO-TeKCTYPoOBaH- Ore = Ors CM, BbI3SBaHO MOABJe- 
HpIxX. J —MpOMOMbHad TeKCTYpa, 2—OTCYT- saya epexoHOli MarHUTHOH crpy- 
CTBHe TeKCTYpbl, 3— Momepeynad TeKCTypa KTYpbl, Mpx KOTOpo B mpenerax 
OTMCIbHOH YaCTHIbl HMeeTCA He- 
6ompmioe unc10 MoMeHOB. B TakKHX MeAKUX YacTUIax BCe OOMbUTYIO POM ur- 
paloT Nporecchl BPalleHHA, B OMHOAOMEHHBIX YaCTHIAX HMCCT MECTO TOADKO 
YuCTHIH upomecc BpalleHus. Huskue 3HayeHuA OCTATOUHOH HaMarHHyeHHOCTH, 
HaOmoMaemMple B OOPasllaX H3 KPyMHbIX YaCTHL, MOBMAHMOMY, BbISBaHDl 
jlelicTBHeM BHYTPeHHeroO pasMarHMUABalollero NOAA OOpasua, COCTOAMLETO 
v3 dbeppomarnuTHoro cnaapa MnBi uw cBoOogHbIx MapraHita M BACMYTA. 
Oxuaxo mo Mepe pocta H- c yMeHbIIeHMeM pa3sMepa YaCTHIl ocabeBaeT 
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gpcm. 
10000 


7500 


BIMAHHE JTOFO NOAA, YTO HM MpPHBOMUT K pocTy OCTaTOUHOM HaMarHHyer 
HoctTu. I]peanosoxeHue O NpeoOJasannu Mpowecca BpalleHuA pH NepE 
MarHHYMBaHHH OOpasOB H3 TOHKOTO NOpOWwKa NOATBeEPKWaeTCA Takx 
BUJOM Te€Teb TUCTEPeSHCa, CHATHIX C OOPasIlOB PasMYHbIM OOpa3soM Mal 
HHTHO-TEKCTYPOBaHHBIX (puc. 2). Kak 6pbl10 noKa3aHo panee (') MpH u3y 
YCHHM MalHWTHO-TeKCTYPOBaHHOrO CHMaBa MaTHUKO, Ha OOPasilax KOTOPOT! 
TakKe HaOJIOLaOCh YBeEAMYeCHHE KOIPUMTHBHOH CHJbI HW OCTATOUHOH Hé 
MarHHYeHHOCTH Y MpOROAbHO-TEKCTYPOBaHHHIX OOpaslOB HM YMCHbINeHH: 
Ha3BaHHbIX M@PrHHTHbIX XapaKTePWHCTHK B OOpa3slax NOMepeyHO-TeKCTYpPC 
BQHHBIX, 9TH 3€KOHOMEPHOCTH MOryT ObITb OOBACHEHHI NpeocdsaqaHveM 
cmaBe OHOMOMe€HHOM MarHuTHOH TeKcTypbl. HaOsoaemoe pu Teme 
paType 2#Ku4AKoro a30Ta HCYeSHOBeEHHE AHH3OTPONMH MarHHTHbIX CBOHCT 
y OOpa3H0B, pa3sIHUHbIM OOPa3s0M TEKCTYPOBaHHbIX, OOBACHACTCHA TEM, YT 
mpu 9sTOH TemnepaType KOHCTAHTa AHH3O0TPONHH BeECbMa Mala 10 CpaBHeHHE 
C e€ 3Haye€HHe€M pH KOMHAaTHOH Temnepatype (°). Orcioqa BuAHO, HT) 
JIA MOJYYeHHA BLICOKHX 3HaNeHHH /7; HEOOXOAMMO HE TOJbKO Co3arTi 
B MaTepHae OHOMOMCHHYIO CTPYKTYpy, TO UCKIOUAaeT Mpomecc cmé 
W€HHA, HO MH MMeTb MaTepHal, y KOTOPOrO pesKO BHIPaxKeHa aHHsOTpoNH: 
Ma©HUTHBIX CBOHCTB. 


Vnctury? du3suku MeTassoB Iloctynnso | 
Ypambckoro cusmuana AKkanemuu HayK CCCP 4 XII 1953 


WAMTHPOBAHHAS JIATEPATYPA | 


t Jl. A. UWly6uma, A. C. Ulyp, KT, 19, 88 (1949); B. HW. Lpoxxnnm 

M. 0. Jlyxunckaas, A. C. yp, KT, 19, 95 (1949); 0. A. UltypKxun, 3.8 

eee KKT®, 19, 235 (1949); 20, 1393 (1950). 2 C. Guillaud, Cahiers de Physique 
43, p. 15. 
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Hornagn Anxagemun Hayx CCCP 
Z| 1954. Tom XCV, Ne 4 


TEXHHTECKAH ®H3HKA 
K. 1. BYHHH u A. B. YEPHOBOUJI 


O ®OPME BKJIIOYEHHAH YPJIEPODA OTDKUTA 
B MATHHEBBIX 4YPTYHAX 


(IIpedcraezexno akademuxom IT. B. Kypdtomosoim 22 I 1954) 


[padurupie BKsuoueHHA, OOpa3sylollveca Mp 3aTBepmeBaHHU ceporo Mar- 
‘HHeporo uyryHa, HMeloT (opMy Oosee UMM MeHee NpPaBMJIbHbIX PaBHOOCHEIX 
MHOPoOrpaHHHKOB («rl0OyJApHEI rpapuT»). BKaoyenna rpadura, o6pasyr1o- 
‘mlMeca TIpH rpahuTHsupyioulem oTKUre Oesloro MarHveBoro uyryHa (BKJIIO- 
‘YeHHA «yrvlepoya OTKUTa»), YaCTO HMeIOT Taky1o 2»%Ke copmy (cm. puc. | a). 
Hepeyko, OfHaKO, OHH MpecTaBAIOT COOOH TObKO 4YaCTb MHOrOrpaHHuka 
(cM. puc. | 6). 

Ja YCTaHOBJIeHHA MpHYHHbI sTOTO Obi UCCJIeMOBaH OTOXKKeHHHIM Mpu 
850, 950 u 1050° Genpii ayryH c 3,03% C; 0,50% Si; 0,30% Mn; 0,09% P; 
0,009% S uc 0,047; 0,076 u 0,093% Mg. 

Bewblit uyryH BbIMIaBJIAICA B BbICOKO“ACTOTHOM IJIEKTpONeyH HW OTJIMBAI- 
CA B 3CMJIAHBIX (POPMAX B BUe WHMHAPHYeECKHX MPyTKOB AHaMeTpOM 20 MM. 
Moxguduunpopanue uyryHa mpousBoguoch MarHvem (95,23% Mg). 


0 


Puc. 1. [ipa Buda BKMOYVeHHH yruepoa OTHKUra B MarHHeBOM UyryHe. x 800 


Tlo xoxy omKura oOpa3libl USBJleKaMCb M3 Mey HW OXaxKLasMcb Ha BO3- 
'myxe. Mukpockonuyeckoe McculeqOBaHve TakUXx O6pasloB MOsBOJIMIO yCTaHo- 
eer. KapTHHY pOcTa BKJNO¥eHHH yruiepOa OTKUTa Ha PasHbIx 9Tamax rpa- 
@uruzaunu Oesoro uyryHa. IIpu MukpoaHasmuse MpHMeHAJICA MOJApH30BaH- 
HbIit CBeT, KOTOPbIN MO CpaBHeHHIO C OObIUHBIM HMeJI TO MpeHMYLIecTBO, ATO 
flo BbIABJIABUIeHCA B HEM JIY4MCTOH MOJIMKpuCTadMyecKOH cTpykType rpa- 
\(PHTHBIX BKJOYeHHH MO2KHO ObIIO YCTaHaBJIMBaTb HallpaBsJeHHe pocta KpH- 
/CTaIMHTOB, BXOAAULMX B COCTAB BKJIIOUCHHA. 

' YcraHoBJIeHO, UTO PaBHOOCHb!e MHOFOrpaHHble BKJMOGeHHA rpauta o0pa- 


ors Mlb B TOM CJly4ae, eCJIM OHM pacTyT B aycTeHUTe, He MPHXOAA B 
} 
i 


COnpuKOcHOBeHHe c KapOuom (cM. Plc. 2 a). Ecam xe rpatuTHoe BKIIO- 
KTe C KapOu- 


'yeHve B Tpomecce pocta OKa3bIBaeTCA C OAHOU CTOPOHbI B KOHTda 
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JOM, a C Apyroli — c ayCTeHHTOM, TO OHO MpOMOJKaeT PacTH TOJIbKO B CT 
POHY ayCTeHHTa, pocT Ke B CTOpOHy KapOusa 3asepxuBaeTCH (CM. PHC. 2 6) 
RB peevrerate BKOUeHHe yrulepofa OTAKHra MpHoOperaeT cbopMy ucKarxKe 
Horo MHororpaHHuka. UacTo B 9TOM CJIlyyae YaCTb HIM Warxke BeCb KPHCTaJd 
KapOHla OKa3bIBaeTCH BKJIOUCHHEIM B rpacHT (cm. puc. 3). Tipu ambHer 
Welt BbILepxKe yrepok sTOrO KapOusa MepenocuTcsA K rpaPuTHOMy BKJIO 
YeHHIO H BMeCTO KapOuja OOpasyeTca ayCTeHHT. 


Pest iprevens 


Puc. 2. Bkmouenua yrepoga oTHMra MarHHeBOoro YyryHa B Mpomecce pocta. x 800 


BpwIo ycTaHOBJICHO TaK%Ke, YTO POCT paUTHbIX BKJIOUCHHM B ayCTeHUT 
o6pa30BaBlleMca pH 3aTBepfepaHHu Oeoro 4uyryHa («NepBHYHDIK> aycrTe 
HUT), HM B ayCTeHHTe, NOYIMBINeMCA TIpH OTKUre U3 KapOua («BTOPHYHDI! 
ayCTeHHT), IPOMCXOLUT c pasHow cKopocTbio. B «nepBH4HOM» aycTeHuTe rpa 
(PUTHOe BKIIOUeHHe pacTeT ObICTpee, YCM BO «BTOPHYHOM>. 

, Tak¥M 06pa30M, MUKPOaHaJIH3 HelOCcpeACTBeHHO MOKasblBaeT, UTO (POpM 
rpa@UTHbIX BKOYeHHH, OOpasylOWluxcaA pH OTAUre Oesloro MarHHeBoro uy 
ryHa, OMpewelserca CTpOeHHeM MeTaJIMYeCKOH MaTpHubI. Berpeuarommec: 
OTKJIOHCHUA OT PaBHOOCHOM MHOTOrpaHHOH (opMbl OOyCJIOBJIeHbI CTPyKTyD 
HOH HeCOAHOPOMHOCTHIO MeTaJJIMYeCKOH MATPHIbl — HaJIM4veM B Hel, HapAL 
C <Ie€pBHUHbIM> ayCTeHHTOM, KapOua MH «BTOPH4HOrO» aycTeHuTa. 

Panbule ObIJIO MOKa3aHO, UTO Y3KHM 3BeHOM Tipollecca pocta rpaduHTHbl 
BKJIOYUCHHH IPH OTKHTe Oesoro 4yryHa, OMPeAeAIOULMM CKOPOCTb HX pocr: 
M POpMy, ABJIAeTCA He WUPy3uA aTOMOB yruleposa B MeTaJWIMYeCKOH MaTpH 
me K MOBepxHocTH rpadutTa, a OTBOM aTOMOB MaTPHIlbl OT 9TOM TMOBepx 
HOCEMe(+22)), 

IlomygenHble B HacToOsIieH padoTre MaHHble MOATBep*KaloT BHIBO, O TOM 
4uTO (OpMa BKNOYeHHU TpaputTa onpekelaeTca pee Bcero YCOBHAMH OT 
BOJa ATOMOB XKeJle3a B MaTpHue. B caMom Jlevle, eCJIH Obl CKOPOCTb pocTa | 
(bopMa rpaurupix BKINOVeHHH ObWIM CBAZAHbI C MepeHocom yruleposa, TO- 
HanOouJlee OarONpHATHbIe WIA pocra ycOBUA Nonaka Obl Te yuacTKH MC 
BePXHOCTH rpadurTa, KOTOPble pacnosoxwKeHbI OTMKe [PyrHX K MWCTOUHUK 
yruiepowa — k kapOuyy. Jina nux «quddysnonHoe paccTosHNe» Malo, a rpé 
AHeHT KOHIWLEHTpaluUu yruiepofza HanOoupuuu. [lockoupky, OHAaKO, BKJNOUeHH 
rpaura paspacraiorca ipeuMyllecTBeHHO B CTOPOHY aycTenuta, a He B CK 
pony Ouu3siexamlero KapOuga, MocTombKy Auddysua yraepoma He MoxeE 
ObITh IPH3HaHa MpOeccoM, ONpekeAIOULMM CKOPOCTb HX pocta u (bopmy. 

Poct rpa@uTHbx BKIOVeHHH B OeOM TYryHe BO3MO2%KeH JMIIb MOCTOMbK 
MOCKOJIbKy OCYIeCTBJIAeTCH yylaJieHHe OTHOCHTeJIbHO MaJIONOABYXKHDIX aT 
MOB 2KeJle3a U3 Tex OO/ACTeH MeTaJJIM4eCKOM MATPUHILbl, B KOTOPbIX 3apoxK 
1OTCA WH pacTyT rpadurTuble BKOGeHHA. 


7°6 


To, uro NepemBuxKKa aToMoe xKeNe3a B MaTpule (ocyllecTB.Ia1oulasica 


TyTeM CaMOMMMDY3HOHHKIX H JMCIOKaMMOHHBbIX aKTOB) JevCTBHTenDuS 2P- 
JACTCA Y3KUM 3BeHOM Hpowecca, ONPeeAIOWNM CKOPOCTb pocta u cbopmy 
Ppa@UTHHIX BKIOYCHHH, NOKasbIBaeTCa 4H APyYrHMH SKCMepHMeHTaJIbHBIMU 
dakTamMu. 
ee ae, 4TO B ayCTeCHHTHO-KapOHAHOH MeTaJlMuecKori 
| ; PylleHuA CIVIOWHOCTH, OOpasoBaHve rpadutra pesKo 
yckopsetes. Pocr rpadurupix BkmoueHHii B MOpax He cBA3aH Cc Tepe ABUXK- 
KOH aTOMOB 2xeJIe3a H ero CKOpocTD, JeHCTBUTEIbHO, ONpewemaeTca CKOpoO- 
cThIO =AuPysHOHHOrO MepeHoca B 
MeTaJIJIM4eCKOH MaTpHUe HeOOJbUINX 
ITHOCHTeJIDHO TOJBWXKHBIX aTOMOB 
yriepoqa. @akTb «cBepx6picrpoti» 
“paurusalwun ycTaHoBJeHE! aa Mo- 
yMcTHIX Fe —C KOMNO3HUHH, HW3roTOB- 
H€HHBIX THyTeM cirekaHHa (3), gaia 
TyYTYHOB, COepxKalivx 3aKaOUHbIe 
MMKpoTpeltMHbl (*), Ia uyryHOB c 
/CaqouHbIMH MHKpomopaMu (°), mpH 
»OpasoBpannu rpaduTa Ha MoBepXHO- 
TH OOpas3itoB (®). 

C 970 TOUKH 3peHHA cTaHoBATCA 
(OHATHBIMH HU CaKkTbl, YCTaHOBJIeHHbIC 
3 HacTOAMeH padore. 

IIpw pocte rpaduTuprx BK0GeHHt 
} OJHOPOZHOM aycTeHHTe camozuddy- 
SMOHHBI€ HM LHCJIOKAWMOHHBIe = aKTbI Puc. 3. Bkmovenne meMenTuTa 
GecheuuBaloT Goulee HIM MeHee paBHo- Ae Se 
epHbIM OTBO aTOMOB 2%eIe3a BO BCe 
CTOPOHDI, H BKJIIOUCHHA MOJy4aloTcA paBHOOCHBIMH. [panHbl 3epeH MaTPHihl, 
sOJIb KOTOPbIX B OOBIUHDIX OeJIbIX UyryHax HaOJIO/,aeTCA YCKOPeCHHbIN OTBOA 
ATOMOB X*Kele3a, B YyryHax, COJepxKallMx MarHvi, He UrpaloT TaKOH PpouJH. 
MarHuli, KOHICHTpH¥pyxAcb Ha rpaHHllax 3epeH, KaKHM-TO O6pa30M 3ajepxKu- 
BaeT TlorpaHuyunyio Camonzuddy3v1o0 afOMoB X*XeJlesa, W ITHM CaMbIM HCKJIIO- 
MaeTCH BOSMOXKHOCTH OOpas0BaHHA TpaduTHbIX OTBeTBJIEHHH NO TrpaHulaM 
sepeH. 
| Pocr rpaduTHoro BKJIO“eHHA B YCJIOBHAX, KOra C AYCTCHHTOM KOHTAaKTH- 
PYeTCA JIMIIb YaCTb erO MOBEPXHOCTH, a ApyraA YaCTb COMpWKacaeTca C Kap- 
SHJIOM, TIPOMCXOAUT B YCJOBHAX HeOMHOPOAHOrO OTBOAa aTOMOB %Keslesa OT 
bpouta rpaduru3anuu. BKaiovenve lpakTH4yecKH pacTeT JIMIIIb B CTOPOHY 
LyCTeHHTa, B KOTOPOM TlepeqBHxKKa ATOMOB 2XKeJle3a MpPpOWCXOMUT ObicTpee, 
"eM B eMeHTUTe. B cropoHy *xe KapOufa (ABJIAIOMerOcA HCTOUHHKOM yruie- 
ofa) rpa*bHTHoe BKJIOUeHHe MOUTH He pacTeT, MOCKOJIbKy NWepeMeLeHHe aTO- 
MOB 2eule3a B KapOuse U3-3a Oosee CHJIbHOrO Me?KyaTOMHOrO B3aNMOseH- 
ETBUA HU, BOSMOXKHO, H3-3a MeHblero YHCa BakaHCHi saTpyAHeHO. 

Pa3imuve MexKy <MepBHUHbIM>» H <BTOPHYHbIM» ayCTeHHTOM TaK?Ke MO- 
IkeT ObITb OObACHCHO Pa3JIHUHeM CKOPOCTH MepeABMKKH AaTOMOB XKeJle3a, 
hOYCIOBJICHHBIM HepaBHOMepHbIM pactipeyeseHveM MpuHMeceH MexKy aycrTe- 
(MTOM HM KapOHAOM pu 3aTBepAeBaHHN. 


Ilocrymu0 
20 VI 1953 
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Woksagn Akanzemun Hayr CCCP 


1954. Tom XCV, N: 4 


TEXHHTECKAH ®H3HKA 


C. T. KMLUKHH 


O MEXAHH3ME PA3YMPOUHEHHS UH PASPYWIEHHSA 
KPHCTAJIJIAYECKHX TEJI CO BPEMEHEM ITIP BbICOKOM 
TEMIEPATYPE 


(Tpedcraeaexo akademuxom H. T. Tydyoeem 12 XII 1953) 


B oOmacTu BbICOKHX TeMMepaTyp MOXKHO HaMeTHTb TpU cJyyad MoBere- 
HHA KPHCTaJWIMYeCKHX TeJI NOM HarpysKol (cM. puc. 1): 

1. C TeveHveM BpeMeHU pH MOCTOAHHOH TeMMepatType mpoucxoguT pas- 
ympouneHve (oTepa MpounocTH) O6pasia HIM AeTamM Mp ynpouHeHHM Ma- 
TepHasla 3a CYe€T AHCNepcHOHHOrO TBepweHuA. BobUIMHCTBO MpOMbILLIJIeCHHbIX 
CMJIaBOB Ha HHKeJICBOM HJIM %KeJIe3HOH OCHOBe BeweT CeO MMeHHO TaKUM 
o00pa3om. 

2. C TeyeHieM BpeMeHH IPH MOCTOAHHOL TeMnepaType pasynpouHeHue 
/oOpasila WIM LeTaM BHaYae COMPOBOARAaeTCA NOBHILIeHHeM MpOuHOcTH Ma- 
‘repuasa (pacTyT TBepocTb H Upesed mpouHo- 
<TH), HO IPH 3HaYHTeJIbHOM BO3PpaCTaHHH JJIH- 
‘TeJIbHOCTH MCIbITaHHA MpOUHOCTh MaTepHaJla Ha- 
‘YHHaeT MOCTeMeHHO MOHMKATHCA, 

_ 3. C mepBbIx ¥acoB MCIbITaHHA IIpH MOCTOSH- 
HOH TeMMepaType pa3ympouHeHve oOpa3iia WH ? 
am IIpOHMCXOAMT B YCJIOBHAX MOHMKalollehca 

‘WipownocTH MatTepuwata. Tak BexyT ceOa mon 3 


kl / mm? 


Harpy3KOl ClaBbl Ha aJIKOMMHHeBON WIM MarHHe- 
BOHM OCHOBe, KOr2a UM MpuxouTcA paOoTaTb BBI- 
ime 200°. 

-. Syecb BCIOAy NO pa3sympoyHenvem oOpasita 
\MIH [eTaJIM NOHMMaeTCA MOHMKeHHe Mmpeseva 
WIMTeCJIbHOH MpouHocTH * c TeYeHHeM BpeMeHH MIpH 
TIOCTOAHHOM 3amaHHOH (BbICOKOH) TemmeparType. 
Tioga, mpounocrpio MaTepHasa B JaHHOM cysly4ae 
TIOHMMAIOTCA Mpee MpOYHOCTH WH TBepOCTh, 
OMpeesIeHHbIe pH KOMHATHOH TeMIepatype Moc- 


Vg z——— 


Puc. 1. W3menenne Ag WJ 
Oo, (mpH} 20°) mocne qaH- 
TeJbHOFO CTapeHHA MPH BbI- 


je cTapenua (oTMycKa) Mp 3aqaHHoH Temmepa- 
‘Type HM 3a,aHHOM BpeMeHH CTapeHHA, OTBEUAIOLeM 
JWIATCIDHOCTH HCMbITAHHA OOpasya No Harpy3- 
‘Koll. Crapenve, MpoBewqeHHoe Ip MOCTaTOUHO BBI- 
COKOM Halps>KeHHH, HO He BbI3bIBaIOULeM OOpaso- 
‘BaHHA TpPellHH, He BJIMACT Ha xapaKTep ympouHe- 
HHA VIM pa3sympoyHeHHaA OOJIbIIMHCTBa MaTe- 
pHavion. 


COKOH MOCTOAHHOM Temnepa- 

Type (Kpusple J/,2 u 3) u 

H3MCHeHHe Tpeseda IUTeJIb- 

HOH MpOyHOCTH Mp MCMbITa- 

HUM OOpasila NOX Harpyskon 

pv Takow #*e TemmepatType 
(kpuBaa 4) 


CaMbIM HHTepeCHbIM ABJIAeTCA TepBbI cCiyyaH, KOMMa pasylmpouwneHHe 


oOpasia COMpoBoxkAaercaA yIpOuHeHHeM ciaBa (CM. puc. 2) B pesyubTaTe 
OOpasoBaHiaA MeJIbualiluMx (as, OOKMPYIOWIMX MacTHyeCcky!o epopMarnt. 
CraHOBUTCA OUCBHIHBIM, YTO Nasenve Npesesa LIMTebHOM MpOUHOCTH C Te- 
YeHHeM BPCMeHH MPH MCMbITAHHH MaTepasa B OOMACTH BbICOKMX TeMTIepa- 


* Tlog mpelenoM fuuTebHO mmpounocTu MpH WaHHOH (BbICOKO) TeMNepaType TOHH- 
MaloT HanpaxKeHne, MpuBOsAMee K paspyuieHuIo OOpasila 3a OMpeseNeHHbIM MpoMe2KyTOK 
BpeMeHH Ip MOCTOAHHOM MpuomwKeHHOH Harpy3ske. 
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Typ B JaHHOM CJly¥ae HeJb3H CBASbIBATb C MpOWeCCaMM KOaTYIAWHH WIM pac 
TBOPeHHA YMPOUHAIOMIHNX (a3, MOCKOJIbKY, COPMlacCHO 9KCIepHMeHTaJIbHbIM 
JIaHHbIM, KaK BHYTPH 3epHa, TaK HM MO TpaHHlaM 3epeH TBePMOCTb cilaBé 
HECKOJIbKO BO3PaCcTaeT 3a BPeMA OMIbITA. | 

B mpakTuke (WIA BbICOKOHarpyKeHHBIX eva 


Kl /um? Jel! IPHMeCHAIOT CIWIaBbl, CKJIOHHbIe K WHcHepl 
/ "3 CHOHHOMY TB€peHHIO (cTapeHHto). 
ie CrulaBbl, pa6oTatolive B TeEMMepaTypHOH 30. 


He (A) 0 MakcHMyMa Ha KDpHBOH cTapeHHst 

XapaKTepH3ylOTCA pa3ylmpouHeHHeM oOpa3lli 

WIM leTaIH (MOHW2KeCHHEM Tipeqela MVIMTeIb 

HOCTH IIPOYHOCTH C YBeJIMYeHHeM CpOKa HCIIbLI 

TaHHa) WM TaKHMH CTPyKTYpHbIMH H3MeHeHU 

MH, KOTOpbl€ MOBbIMAaIOT TBePOCTb WIM mpe 
2 J WpOTHOCTH cMaBa MOCe COOTBETCTBYIONLE 

ro crapeHua. TemilepatypHaa 30Ha (Bb) 3: 

6 7500 | MAKCHMYMOM Ha KpHBOH cTapeHHA OXBaTbIBae? 

lg t (vac) Takue CJlydav, KOrga pasympouwnenue oOpasilé 
Sa een a reer are ces neva CoMpoBorkmaetca pasynpouHeHHey 
9M 437 (nosmmenue o, upu ©M1aBa: ero TBEpLOCTh NOHMKaeTCA. 
me qaene Caan are LOW EcTb OCHOBaHHA YTBep%KaTb, UTO OCHOB: 
nox Hanpsxennem 14 KI/mMM?); HBIM MC€XaHH3MOM pa3yIIpOUHeHHA oOpas3ila Wy 
2—pasyupouwenue oOpasta U3 eTaJIM, U8FOTOBJICHHbIX U3 OObINMHCTBa po 
SOLO RE CHARA, MPH TIRTeAb”  “MBUILICHHDIX CILLAbOB., .Paoomea tlle 30H 
HbIX HMCUbITAHUAX MOM OOJbIUOK 
uarpysKoi upu Toi «xe temne- (A), M MHOPHX CiaBoB (B YaCTHOCTH, Ha HK 
patype KeJIeBOH OCHOBe), paOoraioulHx B 30He (Bb): 
ABIACTCA MCXaHH3M OOpa30BaHuA HW pasBUuTH 
TPeLLMH, HLYULHX Ip JWIMTeJIbDHOM JleHCTBHM CTaTH¥eCKOH Harpy3KH B OUeHI 
MHOPHX CJlydaAx lo rpaHullaM 3epen. C yBevIMYeHHeM JWIMHbI TpeUIMHbI pacre 
KOHICHTpallua HanpAxKeHHH HM YMeHbIWaeTcA WiolWlakb MoMmepeyHoro ceveHlt 
oOpasila WIM WeTaJin. 

Pa3BuTHiO TPeUIMH MpH BbICOKHX 
TeMMepaTypax OCOGeHHO aKTHBHO CI0- 
COOCTBYIOT JIErKOMIaBKHe MpUMecu pas- 
JMUHBIX BELLECTB, 3aJleralolulve Mo rpa- 
HWWaM 3epeH. Oror spdekT avaJoru- 
yen apdexty, orKppitomy I]. A. Pe6un- 
TepoM. 

Bee mpotecchl, cmocodcTByioume 
XPyMKOCTH TpaHul, 3epeH HW MOHMKe- 
HHMIO COMPOTHBJICHHA OTPbIBY MeTaJLJIa 0-05 15 45a shane 
Me2KSCPCHHbIX IIPOCJIOeCK, OyAyT YCHWJIN- Lnumencnotine npedbapumenon naepypkeHuA 
BaTb pasylpouneHve OOpasyoB uM eTa- | 
jeli MO, Hanpaxenuem. B cyuyHocru, Pues 3. NonwKenne COMNpOTHBAeHH 
STOT Mpomece pa3sympounenua mpeg- PasPymennio mpy S00 acne ‘ 

‘5 B 3aBHCHMOCTH OT JIMTeAbHOCTH pel 
cTaBAer cobor IIpOmecc pa3spylleHun7, BapHTeJbHOrO HarpyxXeHuA TOT Halps 
DaSBUBaIOlMCA WHOrTa OUeCHb JWIM- %ennem 20 KI'/mm (C. T. Kumxun 
TeJIbHOe BPeMA, eCIH HalpaAxKeHMA A. A. Kapitmn) 

He OYeHb BBICOKH, HO OCTATOUHDI 
IIA BOSOYXKCHHA WU pa3sBUTHA TpellHH. 

IIpumepom criaBa, pa6orarollero B 30He (b), MoxeT 6bITb crviaB OW 437 
€CJIM ePO MCIIbITHIBaTh pu 800°. Y sToro ciaBa, UpeBapHTebHO CocTapeH 
Horo upH 700° (16 uac.), O6braHO yxe epes 30 MuH. BHIMepxKKU mpu 800 
B OCHOBHOM 3aKaHUMBaeTcaA Mpouecc KoaryJIAWHH WIM pacTBopeHuA yupou 
HAIOULAX YaCTHU, HW eNO TBEPAOCTh B pesyJbTaTe STOTO MOHMKaeTcA c 290 ym 
275—280 ennunl to Bpnnedtio, Nou He MeHAACH Mpu GOouee AHTeIbHO! 
ucbiranuv. Mexkgly TeM, Yepe3 HeCKOJIbKO WacOB Ip STO TeMMepatype MO, 
HallpsKeHHEM BCero JIMINb B 20 KI’/MM? c IoBepXHOCTH OOpasila O6pasyloTCe 
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40 2 


Al /mm? 


WAyuue BruryOp meTaJlIa TpeliwHbl. Ec rakoli o6pasen gopecru jo pa3- 
pyllenua (mpu 800°), ro conporuBuieHue paspylleHHio OKa3bIBaeTcH 3anm- 
*K€HHBIM, H OHO TEM HUDKe, eM GovIbIIIe Obwia IIpe(BapUTeIbHaA BbILepxKKa 
Hom Haups2KenHeM, paBHbim 20 KI'/MM? (cm. puc. 3). Yepes 15 ac. conpo- 
THBICHHE paspyleHHio NaaeT or 65 go 50 KI'/mM?, a uepes 50 ac. o6pazer 
Paspyuraetca MO Halps2KenueM, paBHpmm 20 KI'/mMM?, B pesyprate o06pa3o- 
BaHiA WU PpasBHTHA TPelMH NO 2TUM HalpsAxKeHHem. 

_ Y O4eHb MHOTHX CIIaBOB TPeLHHbI BOSHUKAIOT B Hatiasie BTOporo Mepuosa 
mousyuectu (puc. 4). Tostomy mponecc momsyyectw TakKHXx cmmaBoB mpote- 
‘KaeT ye BO BTOPOM TlepHOe He pH NOCTOAHHOM, a Ip NepeMeHHOM Ha- 
Tpsokennn *. 

Mexanu3M pa3ylmpouHeHua nyTeM oOpa3soBaHua HM pasBUTHA TPeUIHH, T0- 
BUIMMOMY, MpeAcTaBsseT COOOl OCHOBHOM MeXxaHH3M MCyepManuA MpoUHOCTH 
MeTaJJIOB H CIWaBOB © TeYCHHEM BPeMEHH MIpM CaMBIX pasHOOOpasHbIx cro- 
icoOax HX HarpyKeHHA WU pa3JMUHDIX 
CJIOBHAX SKCIWyaTawuu. XapakrTepHo, 9% f 
YTO H XpylMKOe pa3pylleHHue MaTepHa- 
M1OB IIpPH KOMHATHOM TeMMepatype, H 
WCTaJIOCTHOe paspylleHHe (m0 3epHy 
IpH JHOObIX TemMMepatypax), uM cTaTu- 
eckoe pa3spyllieHHe pH AMUTebHOM 
HelCTBHH Harpy3KH B OO/aCTH BbICOKHX 
‘emiepatyp (B OOJIbIIMHCTBe CJ1ysaeB 
10 rpaHHiaM 3epeH), H pay mMDyrux 0. 100 
JytaeB paspylWleHHA BHEIIHe OMMCbI- DMR ITT HELA ONE. 
age eROBEIM 06pasoM: B ompe- Puc. 4. PasButTue TpelluH ciwaBa TuMa 
HeeHHOM MHTepBasie BpeMeHH (B JIO- 314 437 8B mpomecce MOsy4ecTH TIpH 
sapH@MUUECKOM MAaCIlITaGe) NPOTHOCTS  noctosHHoli Temmepatype (700°) u cpeg- 
Hamaer 10 3aKOHY MpAMOM, mOKa Ha- HeM HalpsxeHun 30 KD /MM? 
IpsaAxKeHHe He JIOCTHTHeET Y KPHCTAaJVJIN- 

MeCCKHX TeJI OMpeeseHHOro KpHTHUe- 

KOrO 3HaveHHA (OTBeYAIOLero OMpeeJeHHOH yipyroli WedopMauMu), xapak- 
‘epHOrO JIA BLIOpaHHON cpeAbI UcMbITaHHA. B AaJbHelmeM pH yBeM4eHHu 
VIMTEIbHOCTH HarpyKeHHA TPeUMHbI He BOSOYKLAIOTCA HW MPOUHOCTH He 3aBH- 
‘MT OT BpeMeHH McnpITaHua. He wcKm04eHa BOSMOXKHOCTb, YTO Y XpYIIKUX 
IMOP(PHBIX TeJl, a TaK*Ke y HEKOTOPHIX MeTaJJIOB, HeT ACHO BbIPayKeHHOrO 
PuTMUeCKOrO HalpwMKeHHA, UC YBeIMYCHHeM JWIMTebHOCTH MCIbITaHuA MIpu 
‘aNM4HU JOCTATOUHO aKTMBHOM BHeLIHeli cpeAbl (B pAye ClyyaeB, Barn) Cc 
PBEJIMUCHHEM JJIMTCJIbHOCTH MCIbITaHUA MpOUHOCTb OyeT HeMpecTaHHoO MOHH- 
IKATbCA. 

Cneuuduka pa3pylleHua cilaBoB 0 3epHy, a He MO rpaHulaM 3epeH, 
ITO UMeeT, HallpHMep, MecTo TIpH pasBHTHH TpellMHbI U3 CABUra B CIyuae 
HCIbITAHHA Ha YCTaJIOCTb, IPHBOAHT K TOMY, UTO TpellMHa MO BpeMeHH BO3- 
HuKaeT 3HaUHTeIbHO T03%Ke. B stom cayuae civiaB paOoraer 80—85% Bpe- 
AeHU MO paspylleHua 6e3 TpellHH, B TO BpeMA Kak NOW MevcTBHeM CTaTH- 
KeCKOll Harpy3KM B OO/acTH BbICOKMX TeMIepaTyp MaTepuas padoTaeT 6e3 
DpelljMH yacTo Bcero MLD 10—20 % BpeMeHH Jo paspylieHua. B cBa3H ¢ 
‘THM T1poOeMa YIIpOUHeHHA MpaHHL, 3epeH ARapOUPOYHbIX CIIaBOB CTaHOBUT- 
‘A OMHOIi U3 WeHTPaJIbHbIX MpOOIeM MeTaJIyprun. 


/lepuod obpasobanua 
U pasbumuaA MPeUUuH 


500 1a 


TloctynHJ10 
12 XCM 53. 
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* Dro mo_TBepKlaeT HeOOXOAMMOCTD MOCTPOeHHA HapALy C KPHBbIMH AMMTCDHOM MPOd- 
OCTH MIpH JIWTeIbHBIX CTATHYeCKHX Harpy3kaX TakKe M KPHBbIX MOBPeRLACMOCTH, 4TO 
jbIIO MpoBeseHo B HesaBHeli padotre A. B. Mpuymana u B. A. [posmoscxoro (°). 
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Hoxnage Akagemun Hayr, CCCP 
1954. Tom XCV, N 4 


TEXHHYECKAH PHSHKA 


A. b. OPHLMAH u B. A. APO3OBCKHM 


O TOBPEXTAEMOCTH METAJIJIOB OT JJIHTEJIbBHOrFO 
& HArPY)KEHHA NPH MOBbILIEHHOM TEMMEPATYPE 


(ITpedcraezeno akademuxom I. B. Kypdtomosoim 8 II 1954) 


= 


PsyloM uCCIeMOBaHHi OblIO MoKasaHo, 4TO pa3spylleHue MaTepnasoB — 
Mpoecc, HAYUMH BO BPeMeHH HW HaYMHAIOWIMHCA 3HAYHTeIbHO PaHblile NOIHOTO 
paspyluienua oOpasua (!,?). ma pagqa xapakrepucTuk mpouHocTu mpu +20° 
H3y4eHHe Mpolecca paspylleHHA BO BpeMeHH H3BeCTHO (HalIpHMep, KpHBBIe 
TOBpexXTaeMOcTH Ipu ycrasocru (*), KpHBble cTaTHYeCKOH TpelllMHOBaTOCTH 
Mltacrmacc (*)). J[axe oueHb Xpymkoe paspylieHve CTeKOJ pacmpocrpansert- 
CH BO BPeCMCHH, YTO MOXeT ObITb H3YYeCHO IPH MOMOMLM COBPpeMeHHbIX (pbu3H- 
/4eCKHX MeTogoB (°). TakuM oOpa30M, MOXKHO pa3lImuaTb paspyueHue 
/29MeCMeHTA—TpellMHy HW Pa3spyWMeuHue Tea — MomHOe paspyulenue 
}oOpa3iia HH eTasu. 
| IIpH MCHbITaHHH MeTAIJIOB WJIMTeCIbHOM MOCTOAHHOM HarMpy3KOH OObMHO 
| Y4HTHIBAeTCA TOJIbKO NOHOe paspylleHve OOpa3ia, HaMpHMep pH oeHKe 
\CKJIOHHOCTH K 3€MeJJICHHOMY XPYNKOMy pa3pYyUIeHHiIO 3aKaJIeHHbIx cTa- 
‘meu (°); TakoBa xe OOUleNpHHATad MeTOAHKa OWeCHKH MKapoOMmpounocTu 
CiaBOB IIpH MOBbILIeHHOH TeMMepaType. OgHako He MeHee BaxKHa OLE€H- 
‘Ka MOM€HTa Havalla «pa3pylIeHHA 3sJIeMeHTa» — NOABJICHHA TpeULHH — WIM 
W3yueHHe «MOBPeKLaeMOCTH» OT JVJIMTeJIbHBIX Harpy30K MPH MNOBbILLIeCHHOM 
{Temiepatype, Ha uTO OOpallaocb BHuMaHMe JI. A. TaukMaHoM. 
| Hwxe onvcaHo MOcTpoeHHe «KPpHBOM MOBPexXLaeCMOCTH» OT JJIMTeJIbHbIX 
| cTaTHYeCKUX Harpy30K IIpu NOBLILIeEHHOM TeMMepaType AIA XPOMO-HHKeJIeBOTO 
cmuaBa. 
| T[laockue o6pa3ubl c Hampe3om (cM. puc. 1) mo_BeprasMch pacTaxKeHUlo 
mpu 600° nocnosHHOH Harpy3Kou, IpHlaraeMOl 2KCIeCHTpH4YHO; TAKUM OOpa- 
30M, KpOMe PacTAKeHHA BO3HHKa TakKKe H3THO. ITO cosqaslO 3HAYHTeVIbHbIL 
MpamveHT HalpAKeHHi wu TepopMalluu, YyBeMYHIO OTHOCHTeIbHOe BpeMsx 
|paclipocTpaHeHuA TPelMH Mu OOMerynIO HadMOTeHHe 34 UX BOSHHKHOBCHHEM 
WM pasBuTveM. OOpa3itbl OAHOM UM TOM Ke MWIaBKU UCMbITbIBAIMCb B ABYX CO- 
\CSTOAHHX: M@JIKOSePHHCTOM (HCXOZHOM, noce 3akamKkH c 1050°) uv KpynHosep- 
HMCTOM (MocJle ONOmHUTeMbHOH 3akanKH Cc 1200°, BpimepwxKa 20 MuuH., 
oxaxKeHHe Ha Bosyxe). UacTh o6pa3il0B MCIbITHIBAIaCb MO NOHOPO pas3- 
pymenns, a OCTaJIbHbIe IPH MeHbIUIHX MpoMexyTKax Bpemenu. I]mocKocTu 
6pasuoB Tocle UX MCIbITaHHA WWIMPOBaIHCb, NOJMpOBaJIMCb, HU MON, MUKPO- 
iKONOM mpH yBeluyenuu 620 u3sy4aoch pasBuTue TpellMH. Uacrb o6pa3slo0B 
Spila OTHOJIMpOBaHa MO MIOCKOCTH MO MCIbITaHHA; B 9TOM CJly¥ae HaOJIO- 
\leHHe 3a PpasBHTHeM TPeLHH BeJIOCb HeMOCpeACTBeHHO Ha OJHOM HM TOM Ke 
pase B TepepbiBax Harpyxeuus. U310M oOpasyoB, paspylieHHbIxX JWIN- 
(@IbHBIM HarpyXKeHHeM, DeduIcd Ha MBe YacTH: a) UepHO-cHHIOIO MOBepx- 
MOCTb JLIMTeIbHOTO M@XKKPHCTAaIIMYeCKOTO paspylleHHA; 6) sosOTHCTy!O TO- 
|epxHocTb KpaTKOBpeMeHHONO WwacTHyecKoro BHYTPHKpucTaIM4eCKOrO pa3- 
bymeHHs. 
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Kak BugHo u3 puc. 1, B MaTepHasle C MeJIKOSepHUCTOH CTPyKTypOH «JIM. 
TeJIBHOCTb XKH3HH OOPasila» LO NOIHOPO paspyINeHHA HECKOJIbKO MECHbILle, XOTS 
BPCMA JO NOABJICHHA BULMMOM TPeUIMHbI («<IMTebHOCTh 2KM3HH 3JIEMeHTAa») 
WWIt MeIKO3epHucToro ciiaBa Oosble, YeM Mn KpynHosepHucToro. MubiMy 
CIOBAMH, JIMHUA MOBpeKTAeCMOCTH MEKOSEPHHCTOTO ClilaBa paciMoularaetcs 
JIA JaHHbIX Harpy30K Mp OObUIMX YWIMTeJIbHOCTAX HaNpy2KeHHA, eM 
KPYNHOSePHUCTOMO, T. e. MOCIeHU OKasbIBaeTCA MeHee CTOMKUM K 06pa30 
BaHHIO HavaJIbHbIX TpelllMH, XOTA MOKa3bIBaeT He MEHbIyIO CTOHKOCTb IK 


MOHOrO paspylieHHa oOpasiza. 


1000 2000 3000 4000 5000 mun 
QAULMCNLHOCIN6G UCNbOIMIQHUA 


Puc. 1. Bpemsa mosBAeHMA TpellMH M OKOHYATebHOrO paspyWieHHA OOpas- 
I(OB B 3aBMCHMOCTH OT Harpy3ku pn Temnepatype 600°. /— KpuBan paspy- 
IeHHA OOPasloB M3 KpYNHOSePHUCTOTO ciaBa, 2— KpHBaA paspylieHusA 
OOpasllOB H3 MEeJKO3EPHHCTOFO CiaBa, S—KPHBaA MOABJCHHA «MepBbIxX» 
TPeCUIMH B OOpaslaX M3 MeJKO3ePHUCTOTO CiiaBa, 4— KpuBaA NOABIeCHUS 
«MepBbIX)» TPeWLHH M3 KPYMHOSepHHCTOrO civaBa, a, 6 HU 6 — MeJIKO3epHH- 
cTbit cmap; @’,6’ uM 6’ —KpyNHO3epHHCTHIM ciaB. a, a’ — oOpasibl 6e3 
TpelluH; 6, 6’ — oOpasiibl C TpellHHaMH; 6, 6’ — paspyluieHue 


M3 paccmMoTpenua MuKpodotorpadul omHOTO u Toro %e MecTa OOpasil| 
M3 KPyNHO3epHHCTONO CiIaBa Ha pa3HbIX CTaHAX paspyWIeHHA BHHO, UT 
pasBMTHe TpelllMH (icTpesiKa Ha pwc. 2 a) MOKeT ObITb OCTAHOBJICHO 3epHOM 
JIeKallHuM Ha IyTH PpaciipocrpaHeHuA TPeWIMH; pH STOM OKOHUATeJIbHC. 
paspylleHHe IIpOHCXOHT TO ApyroMy HallpaBsenuio (cM. puc. 2 6). 

B MeIKO8epHHCTOM cilaBe (cM. puc. 3) TpeliHHa MpoxogzuT no Gow 
IIPAMOJIMHEMHOMY IyTH, YM B KPyMHOSepHHCTOM. OTHM, BO3MOXHO, U OOF 
ACHACTCH MeHbIMaA CTOMKOCTb MeJIKOSEPHHCTOFO CIaBa JO MOIHOPO paspy¥ 
IeHHA OOpasija. OHAKO OoNbWaA «IPOLOJMKUTEIbHOCTh XKH3HU> KPYMHOseP 
HMCTOro clwlaBa, OOHapy2KeHHad HaMu (puc. 1), HyxKaeTCH B albHeHU! 
NOLTBEPKTCHMAX, TAK Kak OOPasiaM C KpyNHOSepHHCTOH CTPyKTypou mpucy 
OOJIbINMH pasOpoc CBOHCTB, UCM C MeKOSePHUCTON. 

COxXHOCTh OWCHKH MOBpPeKMAeMOCTH MeTaJJIOB, B OTIIM4GHe OT Mpospat 
HbIX IJIaCTMACC, 3akJOUAeTCA B ONCYTCTBHH MpocToH MeTOAMKU OOHapyxX' 
HHA TPCUMH BBMAy HeNpoO3spayHOcTu MeTaJJI0B. BpiliieomucaHHad MeTOsME 
clOx*KHa Wid MaccoBoro IpuMeHeHux. B kayecTBe yipolleHHolt Meron 
HaMM ONpoOOoBaHo MCIbITAHHeE OOpasi~oB, MOOGHOe MpHBeweHHOMY Ha puc. | 
Ha JJIMTeIbHY!0 MPOUHOCTH, He LOBOAA OOpasyb! MO MOMHOrO paspyluienna,, 
MOCMELYIOWMM paspEIBoM mp -+-20°. OxncleHHaxd Np BbICOKUX TeMMepatyps 
TpelHHa OTYCTIMBO BUHAa B OMHOKYJAPHbI MMKPOCKOM MIM Jtyny Ha dor 
OecTAMerO M3IOMa OOpasija pH KOMHATHOM TemMiepatype. Dopma oOpast 
MOXKEeT ObiITb H3MeHeHa IIPHMeCHUTeJIbHO K UCIbITAHHIO TakxKe u HeJIUCTOBE 
MaTepHaJIOB 

OObACHEHHA TOJYYCHHDIX pe3yJIbTATOB CJleslyeT, BePOATHO, UCKaTb) 
M@2KKPUCTAaJIIMYeCKOM XapakTepe pa3pyIeHHA BO BCeX H3yYeHHBIX BH 


TOAMeH paOoTre ciyuaax. Hauadpuble TpewMHbI JOMKHbI Jerue BO3HHKaTb 
1 pa3BMBaTbCA IPH OObIeH MpOTAXeHHOCTH NpaHH KaxKoro orpedb- 
joro sepHa (cROeOOpasHblli cTpyKTYpHbIi MacuTa6ublii (pakTop), T. & 
3 KPylHOSepHucToM ciiiaBe. Pacnpocrpanenwe Ke Tpellunp (Kak 9TO 
SpJ0 mOKa3saHO Ha pwc. 2 a wm 2 6) pH MocrosHHOM HampaBueHuu 
Wallps2KeHHH MOXKeT ObITb Jergye MpwHlocTaHOBJeHO B  KpYyIHOSepHHCTOM 
wlaBe, 4M B MedsKOsepHHcToM. IIpu BHyTpHKpucTadM4ecKOM pa3pytle- 
quu (HampuMep, mpu 20°) rpanuibl 3epeH yxe He GynyT OKa3bIBaTb 
POPMO3ALerO BJIMAHHA Ha PasBUTHe TPeLHHbI. 

IIpomeccbI BOSHHKHOBeHMA H pac: 
MIpOCTpaHeHHA TpeWIHH MOryT urpaTb 
OOJIbINYIO PpOJb B BOMpocax 2%Kapompou- 
HocTu. Tax, C. T. Kumxun (7) cun- 


6 


Puc. 2. Muxkpodotorpaduy, okasbipaloliMe pa3snHyHbIe cTaqun pasBUuTuA 
| TpellMHbI MpH Temnepatype 600° B oOpa3sye u3 KpyMHOSepHUCTOrO cIvaBa, 
| OTNOJMpOBaHHOM JO HCUbITAaHHA. @— NHTeAbHOCTb 330 MuH. Bropas Tpelluna B 
_ oOpasue (BOSHUKWNaA Mocle AMTeAbHOCTH 240 MMH. M pasBMBaBlaica OT MecTa, 
| yKa3aHHOrO OJHOCTOpOHHeM CTpeAKOM) OCTaHOBeHa BCTPETMBINHMCA Ha ee NyTH 
| poMOoBHyHbIM 3epHoM. JIBYCTOPOHHAA CTpesKa MOKasbIBaeT HallpaBJIeHHe pacTsA- 
| meHHA. X150. 6 — TauTembHOCTb 450 muH. JlambHetimee pa3spymeHne TmpoMs0las0 
_ m0 H3MeHEHHOMY HarpaBsenniwo. JBycToponHAA cTpeiKa MOKa3bIBaeT HallpaBeHHAa 
| pacTsKeHHa. OHOCTOpOHHAA CTPeJKa MOKa3bIBaeT NepBy!O TPelWlHHy, BOSHMKUIYIO 
nocie WiuTeIbHOCTH 180 MHH. H He pa3BHBaBIyIocA Maee. xX 150 


"aeT, UTO ABJICHHe CHHKCHHA MpOUHOCTH B Mpowecce Harpy2KeHHA MOCTOAHHO! 
Tarpyskou 6OVIbBLIMHCTBAa IIPOMbDILIJICHHbIX 2KaPOMPOUHbIX CMIaBOB Mp pe- 
AJIBHBIX TeMIe€paTypax HX SKCIIyaTalWH B OCHOBHOM CBA3aHO C OOpa3oBa- 
HH€M HW Pa3BHTHeM Cc TeYeCHHeEM BPeMeHH TPellHH (YaCTO B Hauase BTOporo 
hepuoga nomsyyectu), a He C MpomeccoM KoaryJisluu WIM pacTBOpeHuA 
ympounatollux a3. IIpu ofHoKpaTHoM HarpyxenuH mpH 20°, T. e. B Cayyae, 
“laBHbIM OOpa30M, BHYTPH3epeHHOrO paspYIeHHA, OObIUHO oOMpeeAIoTcCH 
KapaKTePpHCTUHKU COMPOTHBJICHHA MacTHyecKOH AedopMaluH Hu compoTuBse- 
(HA TIOMHOMY pa3spylleHuiI0 OOpasija MyTeM OTPbIBa uM cpesa (8); MoMeHT 
Haualla paspylleHuad OOpa3iia pH 9TOM He YYMTbIBaeTCA. OnHaKO B Mocsen- 
jee BPeMA H pH OMHOKpaTHOM HarpyxkeHuu pu 20° pasmMyaror xapakrepu- 
“THKH JO Hau¥asia BO3HHKHOBeHHA TpellMH HM B Mpomwecce ux pacmpoctpa- 
ieHua (°). 
_ Tipu guuTesbHOM HarpyXeHuH Ip MOBbIeHHOM Temmepatype (MerxK3e- 
DeHHOe paspylleHve) lO HacTOAMero BpeMeHH pa3lIMuaIH Be OCHOBHDIC 
“pyllilbl XAPaKTePHCTHK: a) COMPOTHBJeHMe OCTATOUHOH WecdopMayun (MoN3y- 
1@CTb); 6) COMPOTHBJIeHHe MOJHOMY pa3pylleHHIo OOpasya (MJIMTeIbHaH 
‘KAPOMPOUuHOCTD). 
Wis pesybTaToB HaCTOAIel paOoTbl BbITeKaeT, UTO B PANe Cly4aeB LWeJe- 
2006pa3sHoO BBeECTH TPeTbIO XapaKTePHCTHKY: COMPOTHBJeCHHe HavaJIbHOMY 3a- 
- 795, 


MeJICHHOMY paspylleHHio (HIM CONPOTHBJICHHe BOSHHKHOBeCHHIO TPpelllu 
JWIMTebHOrO HarpyXKeHHA Ip MOBbILWeHHOH Temmepatype). BBeweHue 970 
TpeTbeli XapakTepHCTHKH ONpaBgaHo ye TEM, YTO HOBaA OWeHKa IPHHIly 
TiHaJIbHO (T. €, KAYCCTBCHHO, a He TOJIbKO KOJIMYeCTBEHHO) MOxKeT pacilodé 
raTb OICHHBaeMbIe MaTepHaJIbl UNaye 
yeM Oe€HKa MO NOJHOMYy pa3pyllleHHt 
o6pasua. Tlosromy, HecMoTpx Ha HeCOM 
HeHHO OOJIbIIyio MeTOMYeCKyIO CJ0# 
HOCTb OI€HKH oBpexkaemMocru (0 
CpaBHeHHIo C HCIbITaHHeM JO MNOJIHOr 
paspylieHHaA), B pxaAe cJlyyaeB BBeLeHH 
OWeCHKH MOBpexKaeMOCTH OKaxKelca Mpak 
THUCCKH WedecooOpasHbIM, 

BosMoxXHO, YTO OleHKa MOBpexKTaemc 
CTH OCOGeHHO Towle3Ha Mp HaMuHH 
clyxKOe MeTasielH MOBTOPHbIX PpeSKHX Us 
MeveHuit TeMIepaTypbI,  BbISbIBaAIOLIM 
NOABJICHHe IWHKIHYeCKUX TeIVJIOBbIX Hé 
lips»kenui. Koneuuo, HauaJibHble Tpelitr 
Hbl BLIABIAIOTCA TEM paHble, ¥eM OOi 
Puc. 3, Muxpocrpyktypa o6pasuaus Wie YYBCTBATebHOCTb MeTOsa HX OOHAaP) 
MeJKOSepHUCTOrO CiviaBa, oTMomupo- %XeHHA, IlosromMy ompeyeuieHHe MOMEeHT 
BanHorO NO ucmbITanus. TlepBu4yHa!  posHHKHOBeHHA <Ie€PpBbIX» TPeWIMH SE 
TpeutHHa MTOCMe UCWbITAHHA WIUTCb- JIACTCA B 3HauUTeJIbHOM Mepe yore 


HocTbIO 420 MHH. NpH TemMilepatype 6 
600°. JIBycToponHad cTpekKa TOKas3bl- OyHako pH OCTOAHCTBe BbIOpaHHO 


BaeT HalpaBJenne pacTAKeHHs.: x 500 JIA OWeCHKH oOHapyKeHHA TpelluHy Mer 
a CpaBHUTeJIbHad XapakTepHcTuKa Mat 
pHaJIOB MOxeT ObITb NOJyYeHa MOCTATOUHIO HajexKHOH. 

BecbMa BaxKHOH ABJIAeTCA pa6oTa MO MasIbHeHIeMy SKCIepHMeHTAaJIbHOW 
YTOUHCHHIO JeCHCTBHTeJIbHOTO MOMC€HTa BO3HHKHOBCHHA HM pasBHTHA paHH 
TpelHH, OCOOeHHO IPH XPyNKOM pa3pyIIeHHH, MpH TIOMOIIM COBpeMeHHh! 
(PuSHYeCKHX (HaNpHMep, MaJIOMHepIMOHHbIX 3SeKTpHueckux (5)) uu uy 
CTBUTCJIBHBIX JedekTOcKoNNYecKHX MeTOROB. M3yuennve ycJIOBU BOSHHKHOB 
HAA HaUaJIbHbIX TPelHH BeCbMa Ba2xKHO HW C Hay4HOH TOUKN 3peHMA, Tak Ka 
OHO JOJ2KHO MOLYHHATHCA OoIee MPOCTHIM 3aKOHAaM, 4YeM pasBUTHe rpettin 
MakpooObemax. | 

| 
| 
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KPHCTAJJIOTPA®H Al 


3. . MMHCKEP u C. B, KABEPHH 


IMEKTPOHOPPA®HUYECKOE HUCCJIEJIOBAHHE CTPYKTYPbI 
KYBHYECKOLO HHTPHJA KEJIE3A 


(ITpedcmasszeno axademuxom A. B. Ll yOxuxoseim 20 I 1954) 


Hecmotpa na OoubmI0e 3HayeHHe UpoweccoB as0THpoBaHuA B COBpe- 
€HHOH TEXHMKe, HMCIOUIMECA JaHHbIe O KHHETHKe OOPa3s0BaHHA UM CTPYK- 
‘ype HUTPpHAOB xXele3sa M CTaweli COMHOFTO COCTaBa Heb3A MIpH3HaTb 
OCTaTOUHBIMH. 

Urp kacaetca KyOuvecKorO HUTpHa 2#Kese3sa, UAeaMbHbIM COCTaB KO- 
oporo BbipaxaeTca opmMywoh Fe,N, To B oOTHOMIeHHH 9TOK da3sbI cule- 
yeT OTMeTHTb He€ACHOCTb YyCJOBHA OOpas0BaHua, paclayla HW KHHeTHKU 
IpeBpalleHuH HW OTCYTCTBHe HaJe@KHBIX SKCNEPMMCHTAIbHbIX YKasaHnit, 
aCaIollMXCA MOJOXKeHHM ATOMOB a30Ta B pemteTKe (1). HexoTopple ocobexn- 
iOCTH IIPHMCHCHHOH HaMM MECTOAMKM UCCICOBAaHHA NO3BOAMIM MOJy- 
IMTb HOBbIC, HHTeEPeCHble aHHble 00 ITOH dase. 

Ilpu npuroToB.eHHu HUTPH a MCXOJHbIM MaTepHaJOM Obi WIeCHKH #Kese- 
$a, MOMYYeHHbIe BO3TOHKOM MeTaJJla B BaKyYyMe M KOHeHCallHeH Ha rpaHb 
‘yOa KpWCTaIOB KaMeHHOH COuM, HaXOAAWAXCA MpH TemMepaType ~ 300°. 
dauOomee uNCTHe OOpa3lbl NOyYalIuch pH BO38TOHKe IpOBOAOKH U3 
PMKO-x#Kese3a, comepxamero 0,03% C, 0,3% Mn u caenn Si u Cr. 
3 OOMbIIMHCTBE CLY4aeB OOPAa3OBbIBaIMCbh BLICOKOOPHCHTHPOBAaHHble IIeCHKH 
‘wlla MOHOKpuCTaJbHBIX. B oTAebHbIX ONbITaX, B OCOOCHHOCTM Ip KOH- 
[eHCallMM Ha MeHee HarpeTble UH HAaXOAMMeCH IpH KOMHATHOH Temme- 
aTYPe KPUuCTadIMuecKHe rpaHH, HaOTIOMAaIOCh OOpasoBanHue ca00 OpHeH- 
POBaHHBIX WIM MOAMKpPHCTaIMYeCKHX MWIeCHOK. OMeKTPOHOrpaMMbl OT 
AOHOKPWCTAAbHBIX MAeCHOK 2%Kede3a NO3BONMIM YCTaHOBUTb B3aMMHYIO 
eH TaIlHI0 KpucTaaop a-Fe wu KpHCTat0B COM. 

Mpt na6a10Ramu Heu3MeHHO O2MH THM OpweHTanuu (100)a-Fe || (100)naci u 
100]a-re || [110]nact. OOblIuHO YacTb KPHCTAaIIOB, NOKPHITHIX MACHKOH 2%Ke- 
(€3a, OTKAIbIBANaCh M CIyKuIa LAA KOHTPOJIbHOH CbeMKHM B 9/eKTPOHO- 
spade. KonTpoubHble 2eKTPOHOrpaMMbl CBUACTELCTBOBAIM O BbICOKOH 
tucToTe 2%xeme3a a-Fe c HOpMaJbHBIM 3HaYeHHeM MepwHOsa, He CcOsepxKa- 
wero Kakux-1M60 MpuMeceli UM OKMCIOB B KOMMYECTBAX, NOMMAMWAXcA 
ryety (cm. puc. | u 2). Ja a30THpOBaHuA KPUCTaIIMKU COJM, NOKpbITHIC 
LICHKaMU %Kele3a, BHOCUIMCh B TpyOuaTy1IO Newb. OOpadorKa HarpeToro 
feTat1a WpOw3BOMMach B TOKE aMMMaKa, IIpuyeM Oblau MpMHATbI Mepbl 
IDE MOCTOPOKHOCTH, UTOOLI u36erHyTh OKHCAeHuA xXeesa. [leyb BKMOUA- 
[ach Noce TUWAaTebHOM MpOMBIBKH CMCTeEMbI OT BO3yxa, aMMMaK OUM- 
waica cucTeMoH normoTuTejen. 

CremKka npouspoqusach B 9eKTpOHOrpade, u3sroTOBeHHOM TopbKoB- 
‘KUM UCCJCLOBATCAbCKMM (bu3HKO-TEXHHYECKUM MHCTHTYTOM, IIpu6op c 
‘OPH30HTAIbHBIM paCHOJOMKeHMeM IPH pacyeTHOM paccTOAHMH 710 mM 
SMINOMHEH W3 OTMeAbHEIX MACCMBHBIX OOKOB apMKO-xeNe3a. Brose Opu- 
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TMHAIbHbIM ABJIACTCA YCTpOHCTBO 9AeKTPOHHOM MyUIKH, B OAMHAKOBC 
Mepe yOOHOH Take JA MCMONb3OBaHHA B JICEKTPOHHOM MHKPOCKON 

Paspemlawmjad CHOCcOOHOCTh MOAyYeHHbIX HaMM 9Je€KTPOHOrpaMM M10 
BOAMeT pasiMuaTh wHHuH, oTBeyalomMe Ad =0,002 A. IIpuoop orm 
yaeTCA mpocToToH oOOc1yxuBaHua u padoTaeT Ges NepedoeB B TeYeHE 
paga Jer. 

Oco6enHocTu Hae MeTOAHKH CBOAATCA K Caenyiouemy: 1) BEICOKé 
YMCTOTa HCXOMHBIX IIeCHOK 2xKee3a; 2) HatM4Ne B OOAbIIMHCTBE OMBITC 
MOHOKPHCTaIbHEIX OOpasyoB; 3) GoubMad paspemlaioujad# cmocoOHOC! 
gJleKTpoHorpamM; 4) Masble pasMepbl KpuctTatauKoB (fo 1-10 cm), Mae 
TOJMIMHA IeHOK uM ObICTpoe MpoTeKaHvue AuNpdy3uu a3sotTa; 5) BbICOKE 
UYBCTBUTCIbHOCTbh 9ACKTPOHOrpacun K HaJMUMIO HW MOJO%#KeHHIO B PELleTh 
JIePKUX AaTOMOB a30Ta. 

AsoTupoBaHve WeHOK %*Kese3a MpOBOLMAOCh B OOMACTH TemMepatyp C 
225 mo 650° npu qauterbHocTu oT 15 mun. go 8 yac. | 

QACKTPOHOTPaMMBI OT A30THPOBAHHbIX NCHOK OOBIYHO COLep aN O° 
PpaxkeHHA OT HeCKOJbKux thas. OOpasoBanue KyOuyecKol y’-a3sbl HaOIK 
yalocb WpH asoTHpoBanun HHxKe 500° wu KOpOoTKHX BbI-epxXKaxX B eu 
B rakux maeHKax Hapsany c 7-cba30H OO6HapyxuBaeTcn a-Fe usu rekcar¢ 
HaJbuble ¢-basbl, uHorga NaCl (cm. puc. 3 u 4). 

IIpu remneparypax oOpaOoTku HHxKe 275° HHUTOMHAA WACcoLMALy 
aMMMaKa He IpensTcTByeT OOpasoBaHHIo HeOoOMbUIMX KOMMYeCTB Fe,O 
maromero caOpie WuddysuHble OTpaxkenns. | 

CylleCTBeHHHIM pe3ybTaTOM 93THX ONBITOB ABJACTCA OOHAPyKeHH 
y'-asbl nocuie 30 Muu. as0THpoBaHuA pH 250°. Mexyzy Tem, uMeromlued 
juTepaTypHble jlaHHble yKasbIBaioT B KayeCTBe HWKHETO Tpeseta Teng 
parypy Muccolualuu amMuaka ~ 275°. 

Tlonyyenuble HaMM 3JeKTPpOHOrpaMMbI COMepxKaT Kak TOUCUHBIe, TaK 
«MOJMKPHCTaMuecKue» OTpaxenna oT y7'-Pasbt. B OoubutMHcTBe cay4a 
HaOmomarotca oTpaxenuna: 100, 110, 111, 200, 210, 220,..., onse sano 
IpuMuTuBHOK KyOuyecKoH pemeTKe. B OTAeIbHEIX ONbITAX, B KOTOPb! 
OHIO MOJYIeHO HHYTOMRMHOE KOMMYECTBO STOH (asbl, HaOTIOMAIMCh AML 
HaHOoee cHIbHbIe oTpaKenud: 111 (cauBaetca c 0002 of e-ha3ix 
u 200. 

OAeKTPOHOrpaMMbl OT NMeCHOK, MOAYYeHHBIX a3OTHPOBAaHHeEM MOHOKD# 
CTAIbHOTO 2Kee3a, NOZBOAHIH YCTAHOBUTb B3aMMHYIO OPHeHTAaHIO KpH 
crammukKoB o-Fe u Fe,N. 9tTa opmentayua Oblia MOCTOAHHOM BO BCE: 
ompitax: (100)re,n || (100).-re uw [100] Fe, I] [110].-re. | 

Onpemesenue nmepwona a KyOu4ecKoro HUTpHAa MpwBerto K Bech 
HHTCPeCHOMY pe3YJbTaTY: JIMINb B HEKOTOPHIX CaAyuadX AA a ObINO Nd 
ayueHo 3,79 A, YTO TO PeHTTCHOBCKHM JlaHHbIM COOTBETCTBYeT COCTAaBi 
Fe,N. 

B 60AbuIMHCTBe ONbITOB BeEIMYIMHA @ OKA3bIBalach paBHok 3,81—3,84 f 
B OTA@bHEIX cryyaax 3,88—3,92 A u Oonee, no 3,97 A. Enuuctpenul 
akTOpOM, ONpeLeAAIOMNIMM YBeMYeHHE NepwOLa PeuleTKH y’-cbasbl B HaLUH! 
ONbITaX, ABIACTCA HACbILN[CHHe a30TOM. 

B paBHoBecHbIxX ycCJOBUMAX Y'-(ba3a cyllecTByeT B OOmacTH BeCcOBO 
KOHUeHTpayuu asotra no 6,1%; MambHelimiee HacbIN[eHHe as0TOM BeeT | 
mepecTpolke KyOuuecKoOH pemeTKM %Kede3a B TreKcaronatbuyw. Tlopugy 
‘MOMY, B HallMx onbirax B TeyeHue 15—30-mMuHyTHOH BEILepxKKU Mponec 
mepecTpoliku pemerku He MOcHeBaeT 3a OBICTPO NpoTeKaiwmel nuddpysue 
a3oTa. TakuM oOpa30M, B Mpomecce as0THpOoBaHuA OOmacTb romoreHHoctT 
hasbI B AMarpaMMe cocTOAHMA CABMraeTCA B CTOpOHy 6OabuINX KOH! 
Tpauuh a3ora. | 

Cueqyet OTMeTuTb, YTO B OOMbIIMHCTBE CayyaeB HaOmMoMaNOce paz 
JM4uHe B pe3skKocTH OTpaxeHuh oT 7’-daspl. Orpaxenue 200 orauuaerc 
3HAYMTEIbHOK uddPysnocrpw Kak B CJydae NOMMKpucTanaMuecKoH, Ta 
MA MOHOKPHCTaJbHOK KapTuHbl. Bo3smMoxHO, 4TO 9TO pasaMuNe CBA3QHO. 
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Puc. 14. SaektponorpamMa or movuH- 
KPUCTAIJHYECKOH MeHKH a-Fe (CIsO- 
Hble KOMbita) Hor NaCl (uctoyennpie 
KoJbua). Mepuor a, pe = 2,46 + 0,002 


Puc. 3. QaeKTpoHOrpaMMa OT BbICOKO- 
OPHeHTMPOBaHHbIX KPHCTaIHKOB KyOHYe- 
ckoro HUTpHza wese3a pasMepoM 
~1-—-—2-10°5 cM BMecTe Cc reKCaroHaib- 
HbIMH HHTPHaMH. CTpesKamu OOO3HAaYeHbI 
oTpaxenua oT y’-Paspi: 100, 110, 200, 220 


TAH, tT. 95, No 4, Tnuckep, Kapepuu 


Puc. 2. QnekTponorpamMMa oT no4yTH 


MOHOKPHCTaJbHOH TWieuKkH a-Fe 


Puc. 4. OneKTpOHOrpaMMa OT Me€JIKHX, 

OPHEHTHPOBaHHbIX KPUuCTaIHKOB ¥'-Pa3bl 

(10-® cm) c HeOOJbINHM KOJMYCCTBOM He~ 

OpHeHTHpoBaHHoro HuTpHAa. Tlpucyrcr- 

BYe€T HeEOPMeHTHPOBAHHNbIM LeKCarOHaJb- 
HbIM HUTPHA 


AacTHHYAaTOH PopMol KpucTatMKOB, OMHAKO WocTaTOUHO ACHOL KapTHHbI 
ABJICHHA NOKa Het. 
Tloab3yxAcb KayeCTBCHHO OIl€H€HHBIMH MHTCHCHBHOCTAMH OTPaxKenHit OT 
<PHCTaMI0B y'-basbl Ha HaWIHX 31eKTPOHOrpamMMax, MBI CAeaaqH TLOMBITK y 
OMPeEMCIHTh METOZOM mpoO nosoxeHMe asz0Ta B pemeTKe. Tipu 9ToM mp 
MONb3OBaIHCb CHHMKAMH OT Ie€HOK, COAepxKalHX HeOPHeHTHPOBaHHbIe 
KPHCTaqaMKu y'-asbl C HOPMAJIbHEIMM 3HaYeHHAMH Mepvosa 3,79 A. Orme- 
THM, UTO OTPaxkeHHA OT MOHOKPHCTaJbHEIX WIeHOK HuTpHma Fe,N caume- 
T@bCTBYIOT O MMHAMMYECKOM paccexHHH OT KPHCTAaIIMKOB JHHeHHbIM 
a3smepomM ~ 1—2-1075 cm. 
_ IIpu Bpruvcaenun TeopeTHuecKuxX MHTeHCHBHOCTeH OblM PpaccMoTpeHbI 
Cle MyIouWlve CTPyKTYpHbIe MORE. 
_ 1. Arompl a30Ta B pemleTKe 3aHHMalOT OKTAaI—pMuecKHe MOWOocTH, Ha- 
OpuMep C Koopgunatamu */y1/,1/, (Hayao KOOpAMHaT BLIOHPAeTCA BATOME 
*Kee3a). 

2. ATOMBI a30Ta 3aHHMaIOT TeTpasmpuyecKHe MOOcTu, Hanpumep Cc 
KOOPAMHaTaMH 1/4 4/4 4/4. 


3. ATOMBI a30Ta CTATHCTHYeCKH pac- Ta6auna 4 
MpeeeHb! CpeqH OKTaIMpuyeckHX Mo- TeopeTuyeckue u a9Kkcmepu- 
mocreit MC€HTAAbBHBIC HHTCHCHBHOCTH 


4A OTpaxeHHH Ha 9TEKTPOHO- 
. ATOMBI a30Ta CTaTHCTHYeCKH pac- rpaMMax oT y-HuTpuna 


MIpeeseHbl cpequ TerpaspHyecKux 


nowocrTeu. Teopet. HHTeCHCHB- Sunapee 
Tpetui 4 YeTBepTHIM BapHaHTbI cpasy = nat | an A | BOC! lakt/200 Se 
OoTMalaiwtT, Tak Kak OHH %3IKBHUBAJeCHTHbI ie is ARLI*200 


TrpaHeueHTPHpOBaHHOH PeuleTKe ATOMOB 
a30Ta, HCKIO"aIOMlehH OOpasoBaHne OTpa- 


*KeHui CO CMeWIaHHBIMM HHeKcaMu. ie ee a i > 
Ileppbi M BTOpOH BapuaHTbl MpH- — 999| 4’895| 100 | 400 400 
HaJlexKaT, COOTBETCTBCHHO, K MpocTpaH- 
1 1 
CTBeCHHBIM rpynnam On, u Ta. Mutencus- * [— mofledb, OTBeYaIONLad pasme- 
HOCTH BBIUMCJIAIHCb OObIYHBIM TYTeM, HLeHHIO aTOMOB a30TAa B OKTASIpHYeCKAX 
10 cbopmy.te jie | @ |? pa? rie O— nmomoctax; I]—mogeab, oTBedatonlad 
ny ’ 


Pa3MCDLeCHH!O aTOMOB a30Ta B TeTpad]- 
CTpyKTypHad aMMauTyqa, P—MakTOP  Hyyeckux nonocrax. 
HOBTOpAeMOCcTH u a” oTBeyaeT (ak- 


topy Jlopenua 1a odMKpucTanlmMuecKoro oOpasiia. 

B tra6. 1 cBeqeHbl TeopeTH4YeCKHe HW IKCIEPHMCHTAIbHbIe WaHHble TAA 
Tpex oTpaxeHul. Orpaxenue 111 He Hcnodb30BaHO, Tak KaK OMeHKa 
9KCIeCPHMCHTaIbHOH MHTCHCHBHOCTH 3aTPy AHACTCA HaJlOXKeCHHEM OTParxKeCHHA 
or 0002 «-cbaspr. Kak BUAHO U3 TaOAMUI, IIeEKTPOHOTpaduyeckue MaHHble 
JOCTaTOUHO YyOeAUTeEIbHO CBUCTCbCTBYIOT B NOMb3y MepBoro BapMaHTa, 
T. €. pa3MeIl€HHA ATOMOB a30Ta B OKTAIMPHYeCKUX MOMOCTAX penIeTKH 
Kee3a. 

@u3ukO-TeXHHYeCKHH HMHCTUTYT Iloctynuao 

mp TopbKoBcKOM rocyapcTBeHHOM YHUBepcuTeTe o I 1954 


u VuctutyT kpuctaisorpapun 
Akayemun HayK CCCP 


IMTUPOBAHHAS JIMTEPATYPA 


110. M. Jliaxtuu, @usnyueckue OCHOBbI a30THpoBaHus, 1948. * K. H. Jack, 
Proc. Roy. Soc., 195, 34 (1948). 
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Jloknagp AKkazemun Hayr CCCP 
1954. Tom XCV, NM 4 


KPHCTAJIJIOTPA®HA 


E. B. WHH3EPJIMHT 


CTABHJIN3SALMA PEWETKH KBAPLIIA, 
MMEFOIWEFO 30HAPHOE CTPOEHHE 


(ITpedcraeazexo akademukom A. B. Ily6xuxoeum 16 I 1954) 


ABTOpoM paHee OblJIo MoKa3aHo (!), ¥TO pellleTKy KBaplla MOXHO cTabu- 
IM3OBaTb HCKYCCTBCHHBIM ItyTeM. Ee MOKHO JIMIMTb CMOCOGHOCTH K Mepe- 
OpHeHTallMu, HaMpwMep OTpHlaTesbHOrOo poMOosmpa r B MOMOKUTeMbHDI R 
4 OOpaTHo r= R, mpu Bosyelicraun cnoco6aMH UCKYCCTBeHHOTO JIBOMHMKO- 
BaHHA UM OTKUra. Jia sTOPO CeyeT NpeABapHTebHO BbIBECTH H3 KBapila 
M(pHMecH MeTOJOM dJIeKTpoouncTKH (?). MckyccTBeHHylo cTa6umu3almio pe- 
MeTKH HarVIaAqHO MOXKHO HaOsJOMaTb Ha KBaple, OOaalolleM 30HapHbIM 
cTpOeHHeM. 
| SonapHoe CTpOeHve KBaplla BLIABIACTCA B MOABJICHUH 30HapHOl OKpacKu 
Nocle OOJIYYeHHA KPHCTasa PCHTTeHOBCKUMH JIyuaMM, HO ropa3lo oTUeTJIH- 
Bee OHO TOMYePKHBaeTCA OOpa30BaHHeM BTOPHUHbIX JBOMHUKOB, KOTODpbIe 
MO2KHO MOJYYHTb HCKYCCTBCHHO JIH60 MeTOJOM « = B-lIpeBpallenua (°), H60 
AepopMauveh Kpyyenua (4) Hin U3rnba. 
 IIpociequM BMAHHMe 8OHAPHOTO CTPOeHHA KBaplla Ha Mpouecc TBOMHUKO- 
BaHHA, CBASAHHOPO C JIpyrHMu aBJeHHAMH. Bo3sbMeM JIA Hallie cepuu OMbI- 
TOB MOHOKPHCTaJIbHY!IO TwIaCTHHKy H3 TPyYAHO ABOMHHKyeMOoro 30HapHoro 
KBaplla, BbIPC3aHHY!IO TlapaJWJIeIbHO OTPHUAaTeJIbHOMy poMOospy Ff, KOTOPHI 
MbI YCJIOBHO “u300paxKaeM Ha PMCYHKaX YePHbIM WBeTOM. Takaa WiacTHHKa 
HOJKHA YACTHYHO MlepeOpHeHTUPOBATbCA IPH HCKYCCTBCHHOM J[BOMHHKOBaHHU 
B 30HbI NOJIOMKUTeIbHOrO poMO6osmzpa R (°), KOTOPbIM MbI OOO3HadaeM OeJIbIM 
apetom. Ha puc. 1, cocTrosujem “3 Tpex pAOB MapHblx PoTrorpaduu, mocse- 
MOBATeIbHO (OTPaxKeHbl Pe3yJIbTATbI PasJMUHbIX OMepalMeli, MpoMedanHblx C 
HO MU TOM xe NacruHKol *. B meBom crouOne TaHbl u300paxenua OHOM 
CTOPOHbI MWacTHHKH, B WpaBoM — Apyrou CTOpOHbl. 

Ha puc. 1 a u 6 moKa3aHO 30HapHoe paclipemeeHve MBOMHUKOBHIX T10- 
mei R. OHM BO3HUKJIM B MOHOKPHCTaIbHOH MacTHHKe MOCJIe TOMO, Kak OHA 
aperepeta ofHOKpaTHoe B— %— B-IpeBpallleHue, HW MO MeCTOMOJIOXKeHUIO 
COBNalaiT Cc TeEMH 30HaMH, KOTOpble caO0 oOKpacHIMcb IipH o6JyyeHHH 
Pe@HTTeHOBCKHMH Jly4uaMu. 

Tlocne sToro WiacTuHKa Obla MOABeprHyTa BICKTPOOYMCTKE TOJIbKO B 
HWKHeli ee MOOBuHe. SaTrem BCA MacTHHKa upH 500° Oba mo_Bepruyta 
medopManuu Kpyyenua. B pesyibraTe sTHX ABYX Olepalluii Mpl NoyaHJM 
KapTuHy, MoKasaHHylo Ha pu. | 6 H 2. Hokusai NOJIOBHHA TJIaCTHHKH, Ipu- 
jlexKalllad K aHOly, pe3KO OTJHYAeTCA OT BepXHeli Ce MOJOBUHHI: BEPXHAA YaCTb 
(puc., 1.6) cTasia MOUTH MOHOKPHcTasbHOH, B HM2KHel 2Ke YaCTH MpoMsoUa 
cTaOHIM3allua HM MOTOMy 3ykeCb COXpaHHJOCh pacnoloxenve mosoc ** mTep- 


* Tlocne Kaxklo onepanuu MpexkHu pucyHOK ABOMHMKOBEIX rpaHUl, BbIABJICHHBI TPaB- 
IeHHeM TlaBUKOBOM KUCNOTOH, COMIMPOBLIBAeTCA C MOBEPXHOCTH MIaCTHHKU, KOTOPaA BHOBb 
ppaBuTcs, UTOObI OOHAPYXKUTb HOBLIH PHUCYHOK. 

** 3oHapHble MOJIOCbI BbIABCHBI MO CBOE AMHHE TOJbKO YaCTHYHO BCIeACTBUe HeNON- 
Horo KOHTAaKTa KBapleBOl TWIaCTHHKH C aHOJHbIM SeKTPONOM. 
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BHYHOM OpHeHTHPOBKH 7. OTM 3OHbI (YepHbIe) OCTaHCb HeCABOMHMKOBaHHBI 
MH, HECMOTpA Ha NpHIO*KeHHy!O WeopMallHlo KpyyeHuA. 

HwxuAd MouOBUHa IWwaCTHHKH, OOpallleHHad K KaTOJy, OCTaJlacb HeOUN 
ULCHHOL OT IpHMecel BCIEACTBHe KPaTKOBPCMCHHOFO JeHCTBHA SJICKTPOOUMCT 
KH. OTa wacTb COM WwIacTHHKU, KaK H BCA BePpXHAA ee MOVIOBHHA, TOKE ¢ 
3arpASHCHHOM pellleTKOH, H3MCHHJIM CBOIO MepBOHa¥aJIbHyIO OPHeHTHPOBK} 
MOUTH MOJHOCTbIO Ha MOOKUTeIbHLI pomOosgp R. lox BuMAHMeM IIpHs0 
*KeHHOH edopMalMH Kpy4eHHA Mb NOJyYHIM MOUTH MOHOKpPHCTAadJ 
(pic. lee): 

Tlocnenyioujaa onepaua coctosa B icienyrouem. Ilnactunka Obia nod 
Bepruyta TepMuyecKoli O6paOoTKe C MaKCHMaJIbHOli Temnepatypolt 500° B Te 
yeove 1 uaca. Becb Wpomecc HarpeBaHHA HM OXJaKTeCHUA MpoOMOKadcs 
12 uac. B pesyprate STO O6paGoTkKH MpOM30LIIH HOBbIe H3MeCHeHHA (PHC. — 
Ou e). BosspaT QBOMHUMKOBEIX Nose K NepBHYHOM OpHenTupoBKe Fr (*, ©) mpo 
M30IUeJ TOIbKO B HEOUMILCHHBIX OT IPHMeceH YaCTAX MacCTHHKH H TOVIbKO } 
Tex 30HaX, KOTOPble Ob OKpallieHbl Govlee MHTeCHCHBHO MIpH OOslyyeHH) 
PeHTPeHOBCKUMH JIy4aMH. OTO OTHOCHTCA K OOCHM CTOPOHAaM BepXHeH MOWIO 
BHHbI WlaChHHKM WM K COMpuKacarollelica € KaTOJOM HWKHeEH ee MOJOBMHE 
Hao6opot, B MOIOBHHe, OOpallleHHOW K aHOJy, COXpaHHlacb MpeKHAA Kap 
TuHa. Hu pucyHOK /{BOMHUKOBbIX TpaHH, HA OpHeCHTHpOBKa CaMHX JBOHHE 
KOBbIX TIOJIeH COBC€M He H3MCHHJIMICb. 

CraOuusalua JBOMHHKOBOPO pHCyHKa C COOTBeTCTBYIOINeH OpHeHTUpos 
KOM OTPHWaTeIbHOrTO H MOJOXRXUTeIbHOTO POMOOSTPOB B OTJCJIbHLIX 30H: 
OOYCJIOBIEHa BO3elicCTBHeM 3JIEKTPOOUMCTKH. Ona MpOuHO COXpaHMlacb, He 
CMOTPA Ha IIpwJIOKeHHY!IO Me(opMaluio KpyyYeHHA HW NocJeLyIoulylo TepMuye 
ekylo O6padorky. 

HasioxKHM MBICJICHHO pyr Ha Apyra pHcyHKH a Ha 6, A Ha OM O Ha & 
EcJld CpaBHUTb TOJIyYeHHble TAaKHM OOpa30M HOBbIC KaPTHHbI C PHCYHKO! 
paclipeqeeHud TEMHOM MW CBeETJIONM OKPaCKH, BLIABJICHHOH Ha TWwlaCTHHKe Mp! 
OOJIYYCHHM PeHTTeHOBCKUMH JIyYaMU, TO 3aMeTHM CJleylollee: 30HbI OTPHILe 
T@JIbHOrO POMOOSpa F (YEPHbIe) COOTBETCTBYIOT O6aCTAM TeEMHOH OKpacklr 
a yuaCTKH MOJIOKUTeIbHOTO pomMOosna R (6embie) coBMaqaiwT Cc MOAM 
cBeTIbIMu *, Tak Kak Ha IIPOTHKeHHH BCeH CepHH OMbITOB YepHbIe MOJO! 
YK1abIBaloTCH B Te X%Ke€ IPOMeXKYTKH Me*KLYy CeJbIMH, TO STO MOKASbIBAe’ 
YTO pasHble NpPOMecchl ABOMHUKOBaHHA MpOTeKaloT MO CTpOro OMpeeeHHbI! 
30HaM HM CBA3AHbI C Ppa3sJIM4HOM MHTCHCHBHOCTbIO oKpackH. J/BOMHNKOBaHHe ~ 
KPHCTaJJIOB KBaplla, OOlaqaioulux 30HapHbIM CTPOeHHeM, MpowcxXo_UT on 
CBeTJIbIM 30HAM, €CJIM OHO BbI3BaHO MpHHYHTeJIbHO COOTBETCTBCHHBIMH Mé 
TOaMH, KaK 9TO ObWIO MOKa3aHo yxe pauee (7), a ABOMHNKOBAaHHe MPU BOE 
BpaTe K NepBHYHOH OPHeHTUPOBKe MpOWCXOLUT MO TeMHBIM 30HaM. SOTO IIc 
clleqHee CBA8AHO C HEYCTOHYMBEIM COCTOAHHeM Tocle TedopMalMu KpyueHu 
TOJIbKO TaKHX KBaPIeB, KOTOPble 3aCOPeHb! CMVIOMIb WIM TOJIbKO B OTCJIbHbI 
30HaX IIpPHMecaMv. Takve KBaptbl 10 cBOeH Ipupose BeCbMa CTaOMJIbHBI. 

OTH OMPITH NOLTBEPRLAloT paee BbICKA3aHHbIe ABTOPOM BSPVIALbI O BUMS 
HHH IIpuMeceH Ha Mpomecc MBOMHMKOBaHHA KBapiia. 

UckyccTsenHaa cTaOwu3alva MBOMHHKOBOTO HH MOHOKPMCTaJIbHOr 
COCTOAHHA KBaplla, BOSHMKAalOllad MOA BIMAHWeM SJIEKTPHYeCKOrO NOTA, Mpe 
HCXOJUT OJMHAKOBO IpOUHO B JIOOOM KBaplle HM He3aBHCHMO OT OPHeHTHPOE 
Ku OOpasna. CraOuu3salud KBaplla B CBOeH HCXOLHOH OpMeHTUpOBKe pone 
XOMUT OarosapsA BHIBOLY U3 PeleTKH MpHMeceli NOM WelicTBueM SIeKTpHYU 
ckoro mous. [locneqHee O6HapyxuBaeTCA Nocle OOyYeHUA PeHTTeHOBCKUM 
JtyYaMH MO Ooulee CBETIIONH OKPacKe B NOBEPXHOCTHOM Cyl0e, HAXOALLEMCHA M10 
aHomoM. Cio KBapa, OOpalleHHbit K KaTOmly, He MeHAeT 'B STOM cuIyYe 
cBoeH okKpacku (?). CalenopatTelbHo, pellieTKa STOTO COA He MperepneBat 
Tex u3MeHeHMH, KOTOPbI€ NPOUCXOLAT B MpHaHOJHOM CyIOe, H COXPAaHAeT CBO 
CBOHCTBA, ‘CBA3AHHbIe C MpPOMeCcOM MBOMHUKOBAHUA. 


* 3a uckiIOuUeHHeM TOTO elyyaa, KOra MPpOMCXOAMT NOJIHAA MOHOKPHCTaJMU3aunga. 
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Puc, 1. JipofinukoBblit pHCyHOK Ha ABYX CTOPOHAX M1aCTHHKH NOCAC pas. YHPIX onepauHi. 
auo—nocie 8>a—->P-Mpespallenun,; 6 H 2—NOCE IeKTPOOFHCTKM HWKHEH MON0- 
BHHbI IaCTHHKM HW LehopMauuH KpyyenusA BCeH MmracTHHKH, O H e@—MocTe OTKULA 


NGA A. TIlnyn3epgHer 


PelleTKa KBapia, 10 MpHpome OTHOCHTeNbHO YMCTad OT TIpuMeceli, u pe- 
ieTKa KBaplla, HCKYCCTBCHHO OUHILCHHad OT TIpHMeceli, CYIIeCTBeHHO OTVIH- 
yaloTca pyr OT Apyra: NepBasx oONaaeT WiacTHYeCKHMM CBOMCTBAaMH, BTO- 
past Mx JIMWeHa. 

J[BOMHUKOBad KBapleBad WlacTHHKa, NOABeprHyTad dJIeKTPOOUNCTKe, He 
CNOCOOHa HH pa3[BOMHHKOBbIBATbCA KPYYeHHeM, HH H3MCHATb KOH(pUrypa- 
M10 ABOHHHKOB IIpw oTKHre. 

QMeKTPOOUNCTKA HCIbITyYeMOl TWiacTHHKH Opblla s06e3HO MpoBemena 
JI. [. Uenmosoli, 3a 4ToO MpHHOLIy ef cBOIO GarofapHoctp. 


WuctuTyT kpuctatnorpapbuu Toctynnao 
Axkajemun Hayk CCCP 16 I 1954 


LMTHPOBAHHASA JIMTEPATYPA 


1E. B. Wuusepaunur, WAH, 95, Ne 3 (1954). 7 JI. Fr. denmosa, H. E. Be- 
meHeesBa, ra 48, Ne 2, 305 (1949). * E. B. uusepauur, JAH, 57, Ne 4, 387 
(1947). 4 - Unusepaunr, ey 94a NO 6) (1954) aa B: Iluusepauur, 


im. 1. neea as uw, JAH, 33, Ne6, 449 (1941). © E.B. Inusepaunsr, TAH, 
90, Ne 5, 785 (19 53). 
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Jloknagn Akayemun Hayrx CCCP 
1954. Tom XCV, M 4 


XHMH A 


M, HW. BATYEB, B. A. TOHOMAPEHKO, A. JI. MATBEEBA 
M 4eH-KOppecnoHnnent AH CCCP A, Jl. METPOB 


®H3H4ECKHE H XAMHYECKHE CBOHMCTBA 
KPEMHEYIFJIEBOQOPONOB (HUCHJIMJIMETAHA, 
1,2-TMHCHJIMJISTAHA, TUNPONMMJICHJIAHA HW TEKCHJICHJIAHA) 


ATOM KPeMHHA H aTOM yrslepoma oO6MamaiorT OMHAKOBOH BHeIHeH 
SJIEKTPOHHOH OOOJIOUKOH, MpeHMyLiecTBeHHO OOyCJIOBIMBAaIOIleH XHuMuYeCKHe 
CBOHCTBa ATOMOB,— JBYMA S-9JIEKTPOHaMH U ABYMA p-3JIeKTpOHamH. OrTciogza 
€CTCCTBCEHHO OXKMaTb IIPHMepHO OHHAKOBOrO UX TMOBesqeHHA B OOpa- 
3OBaHHH TeX HIM WHbIX XHMMYECKHX COeNMHeEHHH M peakllMax MocweL- 
HHX, a B KOJIeOaTeJIbHbIX CI€KTPax STHX COeAHHEHHH — U3MeHeHHH, O6ycJOB- 
JICHHDIX JIMIb OJHHM Me€X@HH4eCKHM BJIMAHHeM pa3JIMUMA B BeJIMYMHeE MacCCbl 
aTOMOB KpeMHHA HM yrulepoa. OWHaKO B JeHCTBUTeCIbHOCTH MeO OOCTOUT 
HeCpaBHHMO CJIoKHee. JIA MpHMepa MocTaTOUHO yKa3aTb XOTAH Obl Ha TOT 
qbakT, 4ro cBa3b Si — Si MeHee Npouna, 4em cBaA3b C — C, B pe3yuJbTaTe 4ero 
culaH C WeMoukOoH y2Ke TOJIbKO H3 WecTH aTOMOB KPe€MHHA OKa3bIBaeTCHA 
BeCbMa HeCTOHKHM. Eciw BCNOMHHTb JWJIMHY HW pa3BeTBJICHHOCTb OTIHUAaIO- 
WIHXCAH YCTOMYHBOCTHIO YIvIepOMHbIX Wemouek, TO OAWH STOT PaKT APKO MOKa- 
3bIBaeT, UTO HHKAKON OJIM3KOM aHaJIOrTMH B XMMMYeECKOM HW (PH3HYeCKOM TIOBe- 
JIGHHH aTOMOB KpeMHUMA HM yrulepoya Ha CaMOM Jlesle HeT. 

OHHM W3 pelllaloulux PakTOpOB, NpHBOAAWIMX K YKa3aHHOMy pa3JIMUHIO 
aTOMOB KpeMHHA HU YrulepOMa, ABJIACTCA OOJIbIaA QJIeEKTPOHHaA OGosIOUKa 
aToMa Kpemuua (1s?, 2s?, 2p?, 3s2, 3p?), sem aroma yrulepona (1s?, 2s?, 2p?4, 
4YTO OOYCJIOBIHBaeT OOJbIIMH OObeEM ATOMa KPeMHHA HU OOVIbIlee SKPaHUpyio- 
ilee BJIMAHHe Ha 3apsay ero agpa. B pesybTaTe IIeKTPOOTpHMAaTeIbHOCTb aTOMA 
KPpeCMHHA 3HaUHTeJIbHO MeHbIlle, eM aTOMa yrviepojja. Ona y Hero OulM3Ka K 
QJICEKTPOOTPHILaTeJIbHOCTH MeTaJJIOB YeTBEPTOH TpyIMbl, 4YTO BHHO 3 
cleLyolleH IWKaJIbl QIEKTPOOTPHUAaTeJIbHOCTH HeKOTOPbIX ATOMOB YeTBeEpTOH 
Fpynnbt u np. (mo Topaz): Pb 1,5; Zr 1,6; Ge 1,7; Sn-E% Si_1,8; H 2,13; 
C 2,55. Ilostomy B HeKOTOpbIX CBOMCTBaX KPeMHMH TAroTeeT K MeTaJJaM B 
oTiMuve OT yriepoma. Tak, 9Heprusa CBA3H aTOMa KPeMHHA C ATOMOM BOJIO- 
pola 3HayuTebHO clabee, a Cc ramousqamMH (OcObeHHO (TOpOM, xXJIOpoM) u 
KMCJIOPOOM BbIIe, YeM COOTBETCTBYIOUIMX cBxA38ei yraiepowa ('). Queprun 
epaisH Si—C (57,6 kKkas/MoJIb) — IpOMexKyTOUHad Mex TY 9HeprvaAMM CBA- 
seh C—C (81,6 kkan/Momp*) wu Si— Si (42,5 xkam/Momp) ('); mosTomy 
Wenv Cc YepeNyIOllMMHcA aTOMaMU KPe€MHHA HU yrulepoda CTOMKU B OTIMUHE OT 
wenel C OMHHMU aTOMaMH KpeMHHA. 

Cxa3aHHoe HaXOMMT OTpaxKeHHe B HEKOTOPbIX OCOOeCHHOCTAX OCHOBHDIX 
(bu3HUeCKUX KOHCTAHT, a TaKKe B HCCJICOBAHHBIX HAMM Ha OTeYeCTBEHHOM 
cnekrporpade MCII-51 co cpemnelH Kamepow crekTpax kKOMOMHAaMOHHOrO 
paccesHUA CBeTa YeTbIPeCX KPeCMHeYIIeBOMOpOROB, CHHTeSMpOBaHHbIX TBYMsA 
u3 Hac (2). Tak HampHMep, aTOM KpeMHUA B OTMMUMe OT aTOMa yrseposla 


* Jlannpie yin cpasv C—C y Cumxsuka BbICOKHe cCpaBHHTeIbHO C HMeIOUM- 
MHCA B JuTepaType OWeHKaMH B 58,6 KKaJI/MOMb, 62,77 KKam/MOub. 
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coobmaer SOvIbUIYIO TOJAPHSyeMOCTb MOJIeKyJIe HM TEM CaMBIM OOYCJOBMBaeT 
Souburyio petbpakunio. B cBa3sH C STHM 2%Ke OOCTOATCbCTBOM (a He TOJIbKO 
JIMIIb B CHJly 6ONbIWel MaCCbl ATOMa KPpeMHHs) HCCIeMOBaHHble KpeMHeyrse- 
BOLOPOAL, O6alad OO/bIIMM MeXMOVJIeKYJIAPHbIM BSAMMOMeHCTBHEM, UMECIOT 
SHAUNTebHO OONbIMe TeMepaTypbl KUMeHuaA uM MIOTHOCTH, (TaOu. 1). 


Taoauna 1 


HexotTopne dusuyeckwe KOHCTAHTH weTbpex 
KPpeMHeYrAeCBORLOPOROB MH COOTBETCTBYWMUX yrse- 
BOLOPOOB 


Coequnenus ny | de roe ae a on 

C=C = OF ee ee 4,3397* |} 0,5824*|— 42,2/760 

4 4 
SEC SSSit eee ee eee Np 4115 d 0,6979| + 14,7/754,3 

4 

(Ch COGS gy ooo 1 ,3562** | 0,5788**|— 0,5/760 
Si Ge— GSI eee 1,4140 0,6987 | + 46,0/746,6 
C—C—C—C—C—C—CG. 41,3877 0,6837 98 , 43/760 
CcC—C—C— C— C—C€—Si. 1,4129 0,7482| 4114,5/754 
C—C—C— Si—C—C—C. 41,4110 0,7183| 144/758 


* Tipu —42,2°. 
** TIpa —15,6°. 

B cnekTpaxX KOMOMHAIHOHHOTO paccesHHA MCCJICOBAHHBIX KPeMHE 
yreBOLOpOAOB AOMMHMPyIOMleh ABAAeTCA YaCTOTa B Bue WHPOKOH 
OUCHb MHTCHCMBHOH JIMHUM, pacnomoxXeHHOH B OOmacTH 2120—2160 cm™ 
OHa ABAAeCTCA YACTOTOH BaJeHTHOTO KOmeOaHuA cBa3H Si—H. Y napadby 
HOBHIX yrueBonoposos cBpa3v C—H pacnosoxenbt B OOmacTu ~ 2700 — 
3000 cm, mpuyem Bcerya B BUZeE HAaOOpa YaCTOT, B KOTOPOM TpescTas 
JI€HbI pa3sHEIe (OpMbl KOWeOaHuH (CHMMeTPHUHbI€, AHTHCHMMETPHUHbIe 
MeTHAbHOH U METHACHOBOHK rpynn. Y ucceOBaHHbIX KPCMHeyreBoOROpoRos 
BCe 9TH KOMeOAHHA CMBaIOTCA B OLHY WMPOKYWO WM MHTCHCMBHY!O JIMHHIO 
KOTOPYIO MOMHO PaspeUIMTb Ha OTAEAbHbIE KOMMNOHEHTHI, OU€BUAHO, JUL! 
Ha CICKTPaIbHbIX alllapaTax c Ooubwiol mucmepcueH. Uacrota cBx3i 
Si — H oxaspipaetca CaMoH HH3KOM 43 BCeX YaCTOT KONeOaHH cBaseH THN 
ie—tht. aie: hoes Ole Vesa eer Cee rand 

CnekTpbh! KOMOHHANMOHHOrO pacceAHUA CBETA KpeMHE 
yrreponopogosn®. 1. Si—C—Si. Ay cw 4: 1731), dor (10), 503 Ge 
CANO 853(1), 948(10m), 1050(3), 1105(1), 1366 (3), 2161 (121), 2898 (9 

2. Si—C—C—Si.. Ay cm}: 172(1), 236(8), 560(10), 6402), 692(4 
785 (6), 943(9u1), 993(1), 1039(0), 1115(1), 1251 (10), 1420 (3), 2157 (12m 
2813(0), 2892(10), 2911(1). 

3%. C—C—C-C—C— C-— Si. Av sem se 209 (3a ea oolo ) mole 
335 (1), 352(0), 367(0), 520(2), 544(1), 600(2), 616(6), 695(3), 750(4m 
795(2), 867(2"), 925(2), 946(9m), 963(1), 1003(2), 1040(2), 1071(3* 
1104(2") 1184(5), 1230(2*aB), 1256(2*), 1287(0), 1306(5m), 1345(1 
1377(0), 1413(8p), 1449(6m), 2152(12m), 2803(0), 2854(7*), 2893 (10° 
2915(7"), 2937 (5"), 2964 (3p). 

ge Gr CO — Si C— €— Co Av Semon 247 (8 os (on) aoe 
d(4(0), 614 (6°), 642(3"), 6771), /22(2°), .:752(2),.. SU0K2 ) ones ee 
879(3), 896(3), 949(4), 1010(0), 1033(7p), 1067(2n8), 1108(0), 1139(0 
1169(0), 1202(9), 1234(0), 1260(0), 1297(3), 1334(1), 1388(0), 1410(4 


* 1 — WHpOKad AMHMA, p—peskat JMHHa, 2B — 7BOMHad; sBesn0uKOH OGosHayer 
JMNM, pacnosoxKeHHble Ha pone. 
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455(8u1), 2127(12ur), 2731 (2), 2808(1*), 2834(1*), 2868(10p*), 2882 (10p*), 
905(7*p), 2932(7p*), 2961 (6"p). 

OTO peskoe NOHMxKeHMe YacTOTH cBa3sH Si—H B sHaunTerbHOl Mepe 
mr O'CH TIPOABJICHHeM MOHHKCHHOM SJIeKTPOOTpHaTebHOcTH Si. 

43b Si—H secbMa 4yBcTBUTedbHa K CTpOeHHO MOeKyJb; B rpyn- 

1, MunponuicuntaHa Ona Ha ~380 cm! nuxe, 4em B rpynne SiH, 
‘by X Tpex coequHeHHH, uTO O6ycOBIeHO CABHTOM 9JeKTpOHHOL 
‘CTCMBI B CTOPOHY ABYX OONee BIEKTPOOTPUMATebHEIX COCeHUX aTO- 
f° raepona. 

WacTb uacToT cBaseli Si—C Takxe CABUHYTa B HU3KO-YacTOTHY!O 
‘TOpony. Uacrota cpaa3su C—C B 9aTane npenctapaena wuHuelt 992 cm, 
‘oTOpad B Mponmane pacnagaeTca na Be — 867 u 1054 cm, a no mepe 
7IVICHUA WeMW — ele Ha OOAbMIEe YHCIO YaCTOT, TEKAUMX B MHTepBase 
1200 cm™. Y Kpemueyruiesonopoxos MBI HaOmI0MaeM TO xe yBesH- 
) YHCJa IMHHH C pOCTOM enM Cc NepeMelleHHeM HX B HH38KOUACTOT- 

‘OlaCTb: HH3KOUaCTOTHAA TpaHuua sTOH rpynny uactot Si—C npo- 
yxe He OKOO 800 cm™, Kak y yraeBoqoponoB, a oKono 600 cm? 
i 7 Si— C—Si, 560 y Si— C— C— Si; 616 u 614 cm y ocranpuprx 
1B) KpemHeyreponopoyos). UTro wu Ha 9TOM CHWXKEHHM CKasbiBaeTCH 
1OHH KCHHAA QIECKTPOOTPULATeAbHOCTh (MeTAIMOOOpasHOCTb) aTOMa KpeM- 
IMA, @ HE TOJbKO ero OObwad Macca, BUAHO M3 TOFO, YTO CBA3b Gomee 
[AXKCILIX aTOMOB Tuna C—R, roe R=Cl, Br u ap., mexuT B Oonee BEI- 
COKOH oOOmacTH, uem uactota Si—C, uau nouTu B TOM xe (YacTOTa 
C— Cl Bs H,C-Cl 710 cm?, C—Br sp HsC—Br 594 cm? u v. g.). 

TakHM OOpa30M, KOMOHHAILMOHHbIE CHEKTPbI HCCAEMOBAHHbIX KPeMHe- 
YIIeBOLOPOOB BHNOJHE OTYCTAMBO BHIABIAIOT NOHWIKCHHY!IO JJEKTPOOTPH- 
WaTeJIbHOCTb aTOMa KP€MHHA CPaBHHTeAbHO C aTOMOM yrvlepowa, a TakxKe 
OOHaPyKUBAIOT CYILECTBEHHY!O YYBCTBUTeAbHOCTh cBa3H Si—H xk cTpoe- 
HHIO MOJI€KYJIbI. 

UccleoBaHHble CIeKTPbI CBHLETeEbCTBYIOT HU O YHCTOTe CHHTC3MPOBaHHbIX 
v  1eyPJIEBOMOPOMOB: B CMeKTpe KaxKOro W3 NMOCeHAX UYHCIO YaCcTOT 

yucca BCeX TeOpeTHYeCKH BO3MOXKHBIX YaCTOT HW He MpeBbllilaeT YMCA 

‘ COOTBETCTBYIOWHX yIrIeBOLOPOOB. 

CBA3H C 9THM cJleqyeT OCTaHOBUTbCA Ha padoTte (%), M43 KOTOpOM 
3HamM, uTo MucHmummetaH (H3SiCH2SiH3) u_ 1,2-qucnmumsTaH 
5H,CH2SiH3) 6blim paHee Hac MOJyYeHbI BOCCTAHOBJICHHeEM COOTBeT- 

WMX cHaHxmopunosn LiAlH, sp aTumoBom supe. OfHako aBTOpbl pa- 

(3) mpunmucasM UM CBOHCTBAa, pe3KO OTJIMYHbIC OT CBOHCTB JUCHJIMJIMe- 

i 1,2-qHcusMaTaHa, CHHTeE3HpOBaHHbIX Hamu (7) (cM. Ta6.. 3). Ilo qan- 

KaHaCKUX MCCIeELOBaTeNeH MUCHIJIMeTAaH CaMOMPOH3BOJIbHO BOCILWIa- 

‘TCH Ha BOSLYXe H TIpu O6paborKe BozHHIM 60% KOH soplzenser mouemy- 

ub 50% cBa3aHHoro c Si BoZopona. 

{ MOBTOPHIM PAL OMBITOB, a TakKxKe MOYIMIM HEKOTOPHle MOMOMHUTeMb- 
1HHBIe 0 cBolicrpax H,SiCH»SiH3; u H3SiCH»CH2SiH3. 
ucumduamMetTan. BoccraHaBiMBaBilaica panee WupoKan PpakuuA 

—175°) rekcaxmopaucumumMeTaHa Oba pa30rHaHa Ha KOJOHKe B 
y ‘eopeTHuecKUx TapesiokK Ha Be dpaxuuu: a) ClezHSiCH2SiCl; — 
rr. nm. 161—164° npu 755 mm, d?° 1,458 (u3smepeH eHcHMeTpomM) ; 
6) ',SiCH,SiCl; — rt. kun. 180—181° npn 755 mm, d?° 1,539. IIpu Boccra- 
Hopsenuu 82 r ClhHSiCH.SiCl; B 100 cm? u30amunoBoro adupa 37 r LiH, 
HOMeUICHHBIX B KYO HeOOubUIOH pekTHpuKaWMOHHOM KOJIOHKH, MOJyyeHo 
15,5 r H;,SiCH2SiH3, koTroppii co6upasica B JOBYyUIKe, OXJaxkaBluiehcs 
eMecbIO alleToua H TBepsoH CO». Ipu pasrouKe Ha KOJIOHKe B 35 TeopeTu4e- 
CKHX ‘TapeJioK Hal HeOoubuIuM KowHuecTBOM LiH Becb MpOmyKT BbIKHNe_B 
mpemenax 15,2—15,4° mpu 770 mM; Bpixog 55%. d10,6929; nj, 1,4114; MR, 
Halimeno 27,33, BbluucmeHo 27,58. Te Ke pesybTaTbl MOYYeHbI Ip peakWHu 
Cl,SiCH.SiCl, c LiH. OnpemeneHue KomMYueCTBa BOMOpoma, CBA3AHHOTO C 
KPeMHHeM, MpOusBOAMIOCb B MpHOope LlepepuruHoBa passoxeHHeM HaBecku 
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sp CjH;OH cnuprospim 5% KOH (30% cmuprospii u 60% sognpii KO 
JaBaJIM 3ABbILIeHHbIe Pe3yJIbTAaTbl) . 
Hatineno %: H 8,0; 8,4 
BpryucieHo %: H 7,9 
TiucusMsiMeTaH MOCTOAHHO COMpHKacaJica C BO3MYXOM, OJHaAKO CaMOBO! 
IWIaMe€HeHHA He HaOwOMaOCb HH pasy. 
1,2-mucuanagtan. H, cBa3aHHbiit c kpeMHHeM (pa3moxenue 60% BO, 
ubim KOH). | 
Haligeno %: H 6,5; 6,4 
BoiyncmeHo %: H 6,7 | 
JluddepentuabHo-TepMuyeckHH = aHatus™ He  OOHapy2xKMBaeT J 
H;SiCH.CH»SiH; KaKkux-1H60 (ba30BbIx MpeBpalleHu npH —15°, KaK of 
3TOM coobulaerca B padote (*). 1,2-4ucunHMaTaH UMeeT T. M.—92° } 
T. IpeppalleHusa B TBepoM cocTrosHHH —102°. MasoBoe MpeBpalleHHe rip? 
Ta6Ouuna 3) 


3 3 MRT hee 
2 a T. kum. BPC 20 20 a JIMT. UCTOY 
@opmyuia g e M jaBdl. B dg pn ‘ ; 
> Q | MM pT. CT. E e 5 HHKH 
Seal aa of ele 
iCH,Si +E7 | '0,6979| n° 1,4115|27,14|27,58 Hacr. pat 
lokiyClolslebes— 4) ala] es) 754,3 ao: ni, : ; act. pa€ 
+28 2 
i Be d?°0 754 = eas a beats He 3 
760 0 
+46,0 ‘ 
H;SiCH,CH,SiHs . | 120 |60—70 "748.6 0, 6987 1, 4140/32, 27/32 , 21) —92| Hacr. pat 
£ ? 
67,0—68,5 
mini 5 Es ee a2 ae eee aa ety 3 
760 0) 


—102°, kak noka3ao ucCJIeOBaHHe MPH MOMOLLM MOJAPM3allMOHHOPO MUKPO 
CKOMa, IPOMCXOJMT B TBEPOM COCTOAHHH, H XKUAKOM (a3sbl, XapakTepHOH Mp! 
MaBJICHHH SBTCKTHKH, He OOHAPy2XKHBaeTCA. ITO CBUJeTeJIbCTBYeT O TOM, UTK 
mpeppaleHne mpH —102° He cBaA3aHO C HaJIMYHeM KaKHX-JIMO0 3arpxA3HeHH 
ipenapata. 

Ha puc. 1 moxa3sana MuKpoctpyxKTypa 1,2-nucusMsTaHa pu —92° (cBe’ 
MOJIAPH30BaHHbIM, 76 X90); Ha puc. 2— nouMMOpdHOe MpeBpallleHve TOT 
*Ke Ipenapata mupH —102° (cBer nomapusioBanubii, 76 X 90). 

IIpeqnouomwenve 06 O6pas0BaHHH a3zeoTpomHbIx cmeceii H3SiCH»,SiH3 
H3SiCH»CH2SiH3 c 6yTuoBbim acbupom OblWwIO OTBeprHyTO Ha OCHOBaHUy 
CPpaBHeHHA CIeKTPOB YKa3aHHbIX KPe€MHeYrJIeBOROpOAOB CO CHeKTPOM 6yTHJO- 
Boro 9dupa. 

Bee cka3aHHoe BbIlIe rOBOPHT O JOCTATOUHON YHCTOTe MOJIYYeHHbIX HaMP 
COCMHHCHHH HU B TO %Ke€ BPCMA MOJIHOCTbIO MIPOTHBOPeYHT MaHHbIM KaHaCKUX 
HCCIleMOBaTeseH, KOTOPble, OUCBHAHO, UMeJIM WIM KakHe-TO [pyre coemMHe- 
HMA WIM %e cMecH H3SiCHsSiH3 u H3SiCHsCH.SiHs; c no6ounpimu nponyK- 
TaMH peaKIlHH. 


Tlocrynuao 
12 1 1954 
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B. ®, JIABPYLUAH 


AUMNMOXPOMHA APOMATHYECKHX NPOM3BOJLHbIX METAHA 


(ITpedcrasaexo axademuxom A. H. Hecmeanoeom 28 I 1954) 


O6pasoBanHe UBETHBIX paCTBOPOB OTMeUaOCh HEOMHOKpaTHO Tp pacTBo- 
DCHHH =B KHC/IOTAX YeTbIPeX3aMeLCHHbIX APOMATHUCCKHX  IMPOM3BOAHbIX 
MeTaHa. 

A. Bucraxuukui c corp. (3) Ha6momam mosBeHue oKpackKH oT 
)PaH2XKeBO-KeNTOH MO TeMHOKPacCHOH Mp pacTBOpeHHu TpHcdenuyKcycHon 
<HCJIOTHI H pxifa ee MPOWSBOAHBIX B KOHI[CHTPHPOBaHHOH CepHOH KuCJIOTe. 
N. Bolin u JI. Xapau (4) nowyyanu opanxepble pacrBopbl B KOHIeHTPUpoBaH- 
10H CepHOH KucuIOTe Id 4-oKCH- wu 4-MeTOKCHTeTpadbeHHJIMeTaHa, H3 KOTO- 
BIX IPH pasOaBJIeHHH BOJOH HMH OBI BbIeIeH TpudeXHuiKapOunou. 
\. H. Hecmesuos c corp. (5) ycraHoBuaH, ITO pam CoeqMHEHHH, comepxKamux 
3 CBOEM COCTaBe FeKCaMeTHJITPHAMUHOTPHeHHJIbHYy!IO TPyNMHpOBKy, B 3aBH- 
“MMOCTH OT YeTBEPTOO 3aMECTHTeJIA IPH Me€TAaHOBOM aTOMe yrvlepoma, pac- 
WelIAIOTCA MOM MeHCTBHeEM YKCYCHOH, MIpOMHOHOBOH UH MaCJIAHOM KMCJIOT 
. OOpa3z0BaHveM (uoIeTOBHIX pacTBopoB. Hamu (°) ycTaHOBJeHO BO3HHKHO- 
3eHHe UBeETHOCTH MPH pacTBOPeHHH OKCHMPOH3BOAHbIX MMMeTHIZNpeHHI- 
meTaHa WM TeTpadeHuJIMeTaHa B CepHoH, docpopHoH wu TpuxJOpyKcycHoH 
<ACJIOTAX. 

Bo Bcex yKa3aHHbIX BBbIIle CJlyYatxX BOSHHKHOBeCHHe IBeTHOCTH CBA3aHO 
. OOpasoBaHHeM KapOOHHeBEIX COJIeH BCJICACTBHe pacillelvleHuA yrulepor- 
TepOMHOH CBA3H MO peaKIMAM, aHaJIOTMUHbIM OOPasOBaHHIO KpacHTeJlehH H3 
IPOMATHYeCKHX KapOHHOJIOB MpH WeHCTBUM KHCJOT. 

Ilopegqenve B KHCIOTaX JPyrMX apOMAaTHYUeCKHX MPOH3BOAHEIX MeTaHa 
[MKeM He W3yy4asocb. B muTepaType HIb U3pesKa BCTpeyaeTcCa yYNOMHHAHHe 
6 O6pas0BaHHH IBeTHbIX PpaCTBOPOB B KOHICHTPHPOBaHHOU CepHOH KUCJOTe. 
Jampumep, u3BecTHO, TO 4,4-qHMeTOKCHAMeHHIMeTaH MaeT HMHTeCHCHBHO 
pacHbli pactsop (7), 4,4’-qumerokcuTpnHdenusimMetan — opanxeBnlt (8), 
| 4,4,/4” — ppumerokcuTpudenusimMetan — KpacHblit (°). 

C wesbio M3y¥eHHA MpHpOsbl BOSHHKAaIOWleH WBeTHOCTH B KUCJOTHDIX 
aCTBOpaxX Y TaKOrO pola COeCAHHeEHHH MbI MpeANPHHAIM ChelMasIbHOe U3y4e- 
me NOBeMeHHA B KHCMOTAX OKCH- H MeTOKCHIMPOH3BOMHBIX THPeHMIMeTaHa, 
(eTHIMenHIMeTaHa HM TpHdenummerana. IIpu sTOM OKa3asIOCb, 4TO BCe 
TH COCIHHeEHHA, SyRyyYH CaMM GeCIIBeTHbIMH, OOpa3y!0T WBeTHbIe pacTBOphl 
 cepHoli, doccbopHow u TpHXxJOpyKcycHOH KuCOoTax MpH OObIMHOH Temuepa- 
ype, a B He€KOTOPBIX CJly¥aadx NIpH HeOOMbINOM HarpeBaHHu. 

Ha pwc. 1, 2, 3 mu 4 MpescTaBuieHbI KpHBble MOrIOWleHuaA pacTBOpOB 
,4’-MOKcCHANeHHIMeTaHa, 1,1-6uc-(4-oxcudbenum)-aTaHa u 4-oKcH- A 
,4’-IMOKCHTPUeHHIMeTaHa B 9TaHOJIe, ITAHOJIbHO-9TAHOJIATHOM pacTBOpe 
| KMCIOTAX. 

Kpupple MOrouleHHa STAHOJIbHEIX PaCTBOPOB PaCMOJIOXKeHbI B yJIbTpa- 
MOMeTOBON O6saCTH HM WIA BCeX COeAHHEHHU B CpefHeM yJIbTpaduonerte 
6alaioT PeHOMbHIM THOM morsourenua. Kpome Toro, Ait MepBbIX ABYX 
OeMHeHMM MMeeT MeCTO ellie M306upaTeMbHOe NOrvOUeHHe B 612K HEM 
MbTpauosere B BHC MaJIO WHTeHCHBHOrO u3rvOa KPHBOH. ITaHObHO- 
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3TAHOJATHbIC KPHBbI€ HECKOJIbKO CMEIIeHBI B 6oulee AJIMHHOBOMHOBY!O o61aCTb 
BCJIENCTBHE Couleo6pasoBaHuA 10 (PeHOJIbHbIM THApOKCH aM ( De 

Ha KpuBbIX JIA pacTBOPOB B KOHICHTPHPOBaHHOK CepHOW KHCOTE, KpomMe 
OOC MOPOULeHUA B CpeHeM MU KOPOTKOM yJIbTpadHoueTe, NOABMAIOTCA WBE 
HOBLIC HHTCHCHBHbIe MOJIOCbI, OHA H3 KOTOPbIX pacMosoweHa B BHMMOM 
o6lacTH ciekrpa H O6yCJIOBJINBaeT IBeETHOCTh PacTBOPOB. 


A 0 
5000 4000 __‘3000_—OA 


$000 


Puc. 1. 4,4'-MoKCuAMpeHusMeT aH: Puc. 2. 1,1-6nc-(4-okcudenus)-3TaH: 

1—s C,H;OH, 2—B  9TaHO.bHOM i1—s C,H,OH, 2—B 9TaHObHOM 

NaOC,H;, 3—B Kony. H,SO,, 4—B NaOC,H;, 3—B Kony. H,SQO,q, 14 — 

30% Jae SO), B ChicOOu: 5 — B B 30% H.SO, B Ch COO 5— B 

44% H;,PO, B CH,;COOH, 6—B 449, HePO,) B (CH{COOH, 6 ——35 
90% CCI1,COOH 90% CCI1,COOH 


Kpupple MOriOuleHHaA paCTBOpPOB 9THX COeAMHEHHH B JpyruxX KucoTa? 
TaKxKe 3aXOMAT B BHAMMY}IO OO/ACTb CHeKTpa M CJlaraloTCA H3 MOsOC, OTCYT 
CTBYIOMWMX Ha KPHBbIX 9TAHOJIbHBIX pacTBOpoB. Mx WHTeHCHBHOCTb B OOuJIb 
WIHHCTBe CJlyuaeB MeHbIle, YEM Ha KPHMBbIX PaCTBOPOB B namie 
cepHoli KucloTe. Kpome Toro, JWIA OKCH- H JMOKCHIPOM3BOHbIX TpHdeHH 
MeTaHa HMeeT MeCTO pa3eJleHHe WIMPOKOH JJIMHHOBOJIHOBOK TMOJIOCbI Ha JB} 
Ooulee y3kuHe. | 

IIpu v3yy¥eHHH CIeKTPpOB MOPIOWeHHA KHCJIOTHBIX PaCTBOPOB MeTOKC 
COCMHEHHH Ob MOJLYeHbI KPHBble NOIOMLeCHUA, COBeEPIIeHHO HACHTHYHEI) 
C KPHBbIMH COOTBETCTBYIOMMX GeHouoB. AnaslorMyHoe coBlnawedve KPHBbI 
NOPIOWleHHA KUCJIOTHBIX PACTBOPOB OKCH- HM MeTOKCHCOeAMHeEHHHM M3BeCTH) 
Js MpOH3BOAHbIX TpHapHkapOuHouios (11). 

KucJOTHBIe pacTBOPbI BC€X H3YYeCHHBIX HAMM COeAMHeHHH O6ecuBeUNBAIOT 
CAH IPH pasOaBJieHHH BOAO, STAHOJIOM HM APYTHMM pacTBOpUTeAMH BCE 
CTBHe HCYe3HOBeHHA MOJIOC NOPIOWeHHA, XAPaKTePHbIX TOJbKO WIA KUCJIOI 
HbIX PACTBOPOB. 

IlompuieHve OKpaCKM B KUCJIOTHBIX paCTBOpax M ee HCUesHOBeHMe c pad 
OaBJICHHeM JIPYTHMM PpaCTBOPHTeIAMH JleaeT CXOJHBIM 3TO ABMEHHE 
XOPOIWO H3BeCTHLIM ABJIeCHHeM TaJIOXPOMHH, HallpHMep JA Tpudenn 
KapOouna (!*). 


(C,H,) ,C — OH + 2H,SO, = | (C,H,)C|*+ + OH? + 2HSO7, 


re UBeTHOCTh O6ycOBeHa MIpHCyTCTBHeM B pacTBOpe HOHOB Tpudenn| 
KapOouua. 
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Ucxona M3 STOMO, MOXHO GObLIO UpeAnoJaraTb, TO BOSHHKHOBeHHe ILBeT- 
1OCTH B KHUCJIOTHbIX pacTBOpax apOMaTuyecKHx MPOH3SBORHbIX MeTaHa MpOMcxo- 
THT 3a CUeCT OKHCJICHHA JO KapOuHOJIOB, KOTOPbIe€ 3aTeEM oOpa3yloT raJIOXpOM- 
ible com. Oxucenue LO KapOHHOJIOB B HalleM CJly¥ae BO3MOXKHO HOO 3a 
S4eT KUCIOpOa BOS yxa, JH60 3a cueT KHCJIOTbI. OnHaKko OKa3aJIOCb, UTO 
303HUKHOBCHHE WBeETHOCTH HMECeT MeCTO H B aTMocepe a3sOoTa, UTO, HECOMHEH- 
10, HCKJIIOUAe€T BO3MOXKHOCTb oOpa30BaHua KapOHHOJIOB 3a C4UeCT OKHCJICHHA 
SMCJIOPONOM BOSyXa. TI peanosoxenne O BO3SMO?XKHOCTH OKUCJIGHHA KHCOTOUN 


=_ 
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5000 4000000 
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Puc. 3. 4-oKxcuTpudenuametan: /— Puc. 4. 4,4'-qMoKcuTpud@enusaMmerau: 
BCoH-OH, 2 — 8s 9TaHOJIbHOM I—s C,H;OH, 2—bB 9stTaHombHOM 
NaOC,H;OH, 3 — B kon. H,SO,4, 4— NaOC,H;OH, 3—B kony. H,SO,, 
B 30% H2SO,, 5—B 44% H;PO, B 4—B 30% H.SO, B CH,COOH, 5— 
CH,COOH, 6—B 90% CCI,COOH B 44% H,PO, Bs CH,;COOH, 6 —B 


90% CCI,;COOH 


TiaaeT MOTOMY, 4YTO IBeTHOCTb BOSHHKaeT TakKe Ip feHCTBMM TaKHXx 
MCJIOT, KaK CPocHopHas MU TPUXJOPyKcycHas, KOTOPble He OOMaaloT OKHCIH- 
‘CJIbHbIMH CBOUMCTBaMH. 

YuutTpipad MocseqHve PakTbl, MbI MPHUWIM K 3aKJNOUCHHIO, YTO BOSHHKHO- 
eHHe UBeTHOCTH B KHCJIOTHBIX paCTBOPaX apOMaTHYCCKUX MPOM3BOMHBIX MeTa- 
la, TO BCeii BePOATHOCTH, CBA3aHOC OOpas0BaHHeM KapOOHHeBbIx cole 3a 
yeT PaCIIeMJeHUA YrJlepOl-yriepOMHOK CBA3H, MOMOOHO TOMY KaK 9TO ObIIO 
CTAHOBJICHO HAMM JWIA YeTbIPeX 3aMECLILCHHbIX APOMATHYeCKHX MPOH3BOAHbIX 


leTaHa (6). 
Se Crs CHa C,H, — OH + HX —> | HO — C,H, — CH, |* XC, H,On: 


HO oe CoH as 
CH — C,H,OH + HX —> | F CH] + X- + CoH.OH; 


Hg 


HO — CHa 
CH,” 
(eH Cid, — Ol 11% —> | (C,11),CH [+ Xe C,HOH: 
HO— CHa 
C,H,” 


+. X- + C,H,OH. 
CH 


CH G.H,— OH HX 


Takoe mpemoulioxwKeHve cormacyeTcA C XapaKTepHbIMH OCOOeHHOCTAMH 
PHBbIX MOPJOWLeHHA KapOOHMeEBbIX KATHOHOB, HO efO JOCTOBeEPHOCTb Kea 
eJIbHO ObIIO MOATBEPpAUTh XHMMUECKHM MyTeM, TaK Kak NO HalllHM Seas 
PHBbIM TPpyAHO MIpHMvcaTb KapOOHMeBLIM KaTHOHAM OlpeeJIeHHOe Sea 

Boslee TouHOe MpefcTaBJIeHHe O CTPOeCHHM KapOOHHCBbIX KaTHOHOB 


OYeHO H3 TOPO, 4TO pu KHIAYVCHUH PpacTBOpOB OKCHCOCIHHEHHH B TPUXJIOP- 
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yKCYCHOH KMCIOTe BO BCeX CJLYUaAX B KaveCcTBe OLHOTO H3 NPOLYKTOB peakUH! 
HaMu Obi BbIeeH enon: wun 4,4’-mMoKcUAMpeHHsMeTaHa C BbIXOZOM 18% 
muia 1,1-6uc-(4-oxcuenn)-sTaHa 28%, aaa 4-oxcutpudennimetana 104 
u yuia 4,4’-mnoKcuTpudenuimMetana 23%. 

PaculensieHHe MO MeTaHOBOH CBA3H C BbI-eeHHeM MHMeTHJIAHHJIHH 
W3BeCTHO JIA TeKCAMeCTHJITpHaMHHOTpHenwIMeTaHa [pH HarpeBaHHu er 
pacrpopa B MYpaBbHHOH KMCIOTe B MpHCyTCTBHH MYypaBbMHOKHCJIOP 
HaTpua ('3). 

Bostee OGIUHpHOe U3y4eHHe ABJICHHA AUMTOXPOMHU B PAY apOMaTHYeckH 
IIPOH3BOMHbIX MeTaHa MO3BOJIMJIO yCTaHOBHTb, YTO OHO MMeeT OOLIM xapak 
Tep H CBOMCTBeEHHO COeHHCHHAM C OJHHM O€H3OJIbHBIM KOJIbIIOM IPH Havin 
YHH TpeTHYHOFO HM YeTBePTHYHOPO aTOMa yruepoda, aC ABYMA MW OOMbIIM 
YHCJIOM GeH3OJIbHbIX KOJIeIl— pH HaJIMYHH BTOPHYHOrO, TpeTHYHOrO UA 
yeTBePpTHYHOrO MeTaHOBOTO aTOMa yrvieposa. 


Toctynmuao 
15 XII 1953 
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Axayemux A. H. HECMESHOB, O. B. HOFHHA u P. X. ©PEMJWJINHA 
TPHAJIKOKCHTHTAHbI HW JHAJIKOKCHTHTAHOKCHLbI 


XMMHA OpPraHHyeCKHX MPOW3BOAHbIX OPTOTUTAHOBOM KHCJIOTHI B Tocsey- 
HHe TOJbI HHTCHCMBHO M3yyaeTca. Pa3spa6oTan pA MeTOMOB CHHTe3a CoenH- 
mecHHa Tuna: (RO),Ti. (1%); + (RO),TiHala, (4) ,(C(RO)WTI(OR’),-» (°), 
CAeaBlIMX STH BelleCTBa CpaBHHTeJIbHO ocTynHbEIMH. IlouyyeHb! mepsble 
NpeACTaBuTeM MpocTeHWIMX NOJHTHTAHOKCaHos (19, 11), 

_ OpranvueckHe Npov3BOHble TpexBaJleHTHOrTO THTaHa lO CHxX Op B 
‘HHUMBUHAyaJIbHOM COCTOAHHH MOuJlyyeHbI He OnliM. B wmuTepaType uMeloTCA 
JHWIb Ba YNOMHHaHHA 06 OpraHWyecKHx COeCAMHEHMAX, COfepxKallux Tpex- 
BaJICHTHbIM THTaH. B 1928 r. Oblma onucaHa (!2) mombITKa NOTyYeHHA TpHdsT- 
/OKCHTHTaHa B WHMBULyasIbHOM BHJe BOCCTaHOBJICHHeM STHOPTOTUTaHaTa. 
Ilo MHeHHIO aBTOPOB, OHH MOMYUMIH CMECb, COCTOAIILyIO M3 TPHSTOKCHTHTaHa 
‘HM STHJIOPTOTHTaHaTAa, Pa3eIHTb KOTOPyio HM He yfasocb. HemaByo mosBu- 
acb cTaTba (13), B KOTOPpOH coobulaeTCA, YTO MPH CAMOMPOH3BOJIbHOM pa3- 
'‘JO%KeHHU BellecTB THMa CsHs5Ti(OR)3 o6pa3yrotca coeqHHeHHA TpexBaJeHT- 
HOMO THTaHa, OMHAKO NOCJeMHHe He Obl H30JIMpOBaHbl H HHKaK He Oxapak- 
| TEPH30BaHbl. 
| Mbr Mouly4HJId HW OMMCbIBaeM 3eCb NepBble MpeAcTaBUTeIM TpHaJIKOKCHTH- 
| TAHOB. 

TpH-H-IIpOnMOKCHTHTaH H TPH-H-OyTOKCHTHTaH CHHTe3HpOBaHbI HaMH IlyTem 
-BOCCTAHOBJICHHA H-MpOnmu- WU H-OyTHJIOPTOTHTaHaTOB KaJIHeM B CIAPTOBOL 
cpeme. STH COeAHHEHHA MpecTaBsAIOT cOOOK TBepAble BelleCcTBAa, OKpallleH- 
-HbIe B PO3OBaTO-CHpeHeBbI UBeT, TDYHO PaCTBOPHMble B OObIGHbIX OpraHHye- 
CKUX PaCTBOPHTeJAX. 

TpHasKOKCHTHTaHbI — BECbMa peaKILHOHHOCIIOCOOHbIe BelleCTBa,; OHH 
Kpaline 4yBCTBHTeJIbHbI K ZeCHCTBHIO BJaKHOPO BO3LYXa, YCTOMYMBbI TOJIbKO B 
aTMocibepe cyxoro MHepTHOrO ra3a, BOCCTaHaBJIMBaloT CyJleMy H OpoMHyt0 
PTYTb B CIHPTOBOM pacTBOpe, MPHCOeAHHAIOT XJOP, OKHCJIAIOTCA CYXHM 
BO3JYXOM. TpHaJIKOKCHTHTAHbI, OBAAMMOMY, OOpa3yloT ABOMHbIe CoeqMHeHHA 
co cnuptamu. Tak, Mp OcTOpoxHOM CylIKe MpOAyKTOB, NOJYYeHHbIX MpH 
BOCCTAHOBJICHHH aJIKHJIOPTOTHTaHaTOB, HaM yflaJlOCb BBIJeHTb BelllecTBa 
coctasa: (H-C3H7O)s3Ti:24-C3H7;OH u (H-C,H,O)3 + H-Cy4HoOH, xoroppie 
mpefcTaBsaroT co6ol TBepAble, TPpyZHO pacTBOpHMMBIe B OObIUHBIX OpraHHue- 
CKHX PACTBOPHTEIAX, OKPallleHHble B KOPMUHEBbIM WBeT COCAMHCHHA, XHMH4e- 
CKOe MOBeeHHe KOTOPbIX B OCHOBHOM aHaJIOPH4HO MOBEMCHHIO TPHa/IKOKCHTH- 
Taos. J[BOMHbIe CO¢AMHEHHA TepAIOT KOOPMMHAMMOHHO CBASAHHBIM CMMpT MPH 
cylike HX B BakyyMe (2—3 MM) B TOKe a30Ta IIpH KOMHAaTHOM Temmlepatype. 

TlowyyeHHble Mpou3BORHble TPeXBaJIeHTHOTO THTaHa MO  MelcTBHeM 
W3OLITKA BOMbI MPHOBCHHO THPOJIM3yIOTCA C BbIMeJIeCHHeM COOTBETCTBYIOLerO 
CiupTa MH HepacTBOpHMOTO B BOLE, OKpallleHHCrO B YePHBIN WBeT HeopraHnHe- 
CKOrO COeHHeHHA, NOBALHMOMY, MpezcTaBustoulero cobolt TizOs. 

Oxucnenue COeC@MMHeHHH TpexBaJIeHTHOrO THTaHa CYXHM BO38YXOM U3y- 
yeHO Hamu Oovlee Mompo6Ho. Dra peakuuA umeT MemeHHo; 10—12 r Belle- 
CTBa OKHCAAIOTCA MOJIHOCTbIO TIpHMepHO 3a CyTKH. Bo Bila2%KHOM BO3AYXe 
TPHaNKOKCHTATAHbI OKHCJIAIOTCA MIHOBCHHO, YTO BHAHO MO HCde3HOBCHHIO 
OKPaCKH, XapakTepHOH MIA COeMMHeHMM TpexBaJeHTHOrO THTAHA. 
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Tlpu oKuceHHv BbIMIeCOMHCaHHBIX BeLeCTB CyXHM BOSJyXOM MBI BbIsleJIHJIM! 
COeHHeHHA, TO COCTaBy OTBeYaIOlIve THOYTOKCHTMTaHOKCHALY (x#-C4HgO) oTiO) 
H juMmponoKcuTuTanoKcuazy (K-C3H7O)sTiIO (apyrux comepKallMx THTAH 
MpOAYKTOB HpH OKUCJeHHH He OOpasoBasocb). HloumyseHHble MMasKOKCH-, 
THTAHOKCHbI MpecTaBAloT coOoH OecilBeTHbIe, TBepble, MlaBKHe, He: 
Teperousiolllvech B BaKYYMe THIPOCKONMYHbIe MW JIerKO THAPOJIMZyIOUlHecs | 
BeleCTBA, OUCHb JICrKO PaCTBOPHMble B OObIGHbIX OPraHWYeCKHX PaCTBOPHTe-. 
max. Tor akT, YTO [HasIKOKCHTUTAHOKCHIbI MpepscTaBssloT cobOok TBepAbIe: 
He TeperoHsAIOMMeca B BaKYyMe BeLLeCTBA, MaeT BOSMOXKHOCTh MpeANOMAaraTh, 
4TO OHH ABJISIOTCA COC AHHEHHAMH TOJIMMePHbIMH. 

O6pas0BaHve [MaIKOKCHTHTAHOKCHAOB B pesyJbTaTe peaKUMH OKHCJCHHA | 
Mbl OObACHAeM CJIeAyIOWleH CxeMOH: 


2 (RCH,0),Ti + O, > (RCH,O),TIOOTi (OCHGR)s 
(RCH,O),TiOOTi (OCH,R); —> 2 (RCH,O), TiO” 
(RCH,0O); TiO’ > (RCH,O), TiO + RCH,O° 
2RCH,O° —> RCH,OH + RCHO 
.2(RCH,0), Ti + O —> 2(RCH,O), TiO + RCH,OH + RCHO 


Sra cxeMa OblJla MOATBeEpKAeHa NOJyYeHveM MH-A-OYTOKCHTHTAHOKCH AA, 
6yTHNOBOrO CIIMpTa H MaCJIAHOrO aJIbMervfa, pH OKHCeHHH TPH-A-OyTOKCH- | 
THTaHa; HHMKaKHX JPyrHx MpOAyKTOB peakUHH pH 9TOM OOHapyxKeHe 
He Obiio. CaleqyeT OTMeTHTb, UTO COCAMHCHHA, OTHOCALIMeCA K THMy WHaJ- 
KOKCHTHTAHOKCHOB JO CHX Op He ObIJIM H3BeCTHBI. 


IKCNePpHMeHTAIbLHAA Fach b 


Bee HHxKeOMHCaHHble OMbITHI MPOBOAMJIMCb C TULATeJIbHO BbICYWICHHbIMY 
peakTHBaMu B aTMOCdepe Cyxoro YHCTOMO a30Ta. | 

Ilonyuenue Tpu-A-NponoKkcuTUuTaHa (xH-C3H7O)sTi. B Kor | 
6y moMemeHo 1,7 r MeTasWIM4YecKOrTO KasIMA, 3aTeM OGaBeH pacrBop 3 Tr 
(0,011 Mos) A-mpomuiopToTmMTaHata B 30 Mi H-MpomMaoBoro cnupta. Br- 
MaBuIHH OCaOK OTCOCaH, TULaTeJIbHO OTMBIT OT MpomMaTa KasIuA H-Mpomu- 
JIOBbIM CIIMPTOM, a 3aTeM 2 pa3a HH3KOKHNALLMM NenpowlenHbim adupom. IIpo- 
AYKT peak BbICyLIe€H B BakyyMe (2—3 MM) B TOKe a30Ta Np KOMHaTHOM 
TeMilepatype B TeyeHMe 4aca. IIpu 9sTOM ObINIO MOJIyYeHO OKPallleHHOe B po3so- 
BaTO-CHpeHeBbI IWBeT TBepylOe BelleCTBO, TpyHO pacTBOpHMoe B OGBIMHDIX 
OpraHH4eCKHX PaCTBOPHTeAX, YCTOMYHBOe TOJbKO B aTMOCHepe TILaTeJIbHO 
BbICyWICHHOrO MHeEPTHOrO rasa. Hapecku Jin aHadlH3a MOMellasIMch B MIpH- 
COeqHHeHHbIe K IpHOopy 3apaHee BSBeLIeCHHbIe KBapleBble MpoOMpouKu, 
KOTOPbI€ 3aTeM OTMAMBaJIMCb. 

__ Halineno %: C 47,34; 48,40; H 9,36; 9,14; Ti 21,51; 21,36 
(C,H,O); Ti. BoruncneHo %: C 48,02; inl S48 Ti 24,30 


EcaM cyliky MpOfykTa BOCCTaHOBJICHHA MpOH3BOAUTh OCTOPORHO B TeUe- 
Hue 15—20 mun. B BakyyMe (oKOJIO 20 MM), TO TaKHM O6pa30M MosyyeHHoOe 
BeELLECTBO MIpeCTaBJAeT COOOM KOPHYHEBHIN MOPOMWIOK, OUCH JerKO OKUCJIAIO- 
WIMHCA HW THPOMMSYIOULMHCA Ha BOSAyXe, TpyAHO pacTBOpUMBI B OObIMHEIX 
OpraHHy¥ecKHX PacTBOPHTeJAX. 


Oopasen 1. Haiineno %: C 51,71; 51,48; 52,08; H 40,55; 11,30; 10,30 
Oopasey 2. Haligeno %: C 51,39; Ht 34e" 10050 
(C3H,O)3 Ti-2C3;H,OH. Botyucueno %: C 52,14: H 10,72 


O6pasup | H 2 ObIIM B3ATHI H3 PA3SHbIX OMBITOB. 

Tlomyuenue Tpu-H-OyTOKCHTUTaHa. Onn 6b TIpOBe eH 
MOAOOHO NpeAbityiwemy. B peakiuio Opii0 B3aTo 3 r (0,088 mona) x4-6yTHA- 
loproruuata, 2 Tr MeTaJIMYecKOro Kalua H 30 Mu A-OyTamOBOrO cmupTa. 
IloryueHHoe CoeqMHeHHe TIpescraBsaer COGOlt TReEpoe BelLeCTBO, OKpallleHHoe 
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B PO30BaTO-CupeHeBblii WBeTr. OHO TpyAHO pacTBOpHMO B OGOHIUHEIX opraHHye- 


CKMX PaCTBOPHTeIAX H YCTOHYMBO TOJIbKO B aTMociepe TULaTeJbHO BHICyIIeH- 
HOrO MHepTHOTO ra3a. 


Hafigeno %: C 54,83; 53,68; H 10,54; 10,28 
Ti(OC,H,)s. Bpiyncaeno %; C 53,93; H 10,42 


Okucmdenne TPH-H-OyYTOKCUTHUTAHA KUCHOPOROM BO3Z- 
Hy xa. MWponyxt, nomyaenupti, Kak onucano pple, u3 12 r (0,035 mows) 
H-OyTHOpTOTHTanata, 8,2 r MeTasMuecKoro Kamua u 100 Ma H-6yTHJIOBOrO 
CMMpTa, MPOMBITHIM HW BbICYIWICHHDbIM, Obi OCTaBJICH Ha BOPOHKE CO CTeKJAH- 
HBIM (pHJIbTpoM. Uepes BOpOHKy MpocacbiBasICA BOSLYX, KOTOPHI cyuIMICA 
TipOlyCKaHHeM ero Yepe3s 4 KOJIOHKH, HaMOJIHeHHbIe MATMOKUCbIO docdopa. 
IIpu 9TOM MmpomyKT MocTeneHHO CXKMKAJICA HW 2KHAKOCTb CTeKaJIa B MpHeMHUK. 
Uepes vac npoyBaHve BOsLyxa OblIO .peKpauleHo. BoponKa Opiia ocTaB- 
MeHa COCAHHeCHHOH C BO3AYXOM Yepes BBIIMeyNOMAHYTbIe ocyuiuTeru. Uepes 
CYTKH MlocJle Hauala ONbITa OKHCIeHHe 3aKoHUHIOcb. B npHemMHUuK coOpasocb 
13,8 r rycroH BaA3KOH 2%uAKOcTH. OT peakIMOHHOli cmecu mp 19 MM Opina 
OTOrHaHa %KHAKOCTb, OKa3saBllaAcd MO BCe€M CBOHMCTBAaM HeHTHYHOH Cc 
H-OYTHJIOBLIM CIMpTOM. OcTaTOK MocJIe OTTOHKH CiupTa cyluMIca mpu 2—3 mM 
25 muH. mpu 40°, a 3atem eme 20 mun. mpu 100°. Ilocne sroro B KouGe 
OCTAaJICH CJIerKa MKEJTOBATbIN MOPOMWIOK, OUCHb MerKO pacTBOPHMbI B adupe, 
MeTpOJIeHHOM 9*upe, CMUPTe, WHOKCAaHe, GeH3OJIe, MIAaBAWIMHCA B 3aladHHOM 
Kanuuiape mpH 112—115°. [ponyxr rarpockonuyen u Jerko ruqpomusyerca. 

Hafigeno %: C 45,23; 45,44; 45,42: H 8,58; 8,44; 8,59; Ti 22,214; 22,62 
(C,H,O). TiO. Baruncneno %: C 45,73; EH. 8,64; Di 22579 


OxucnMeHHe TPH-H-NPONOKCHTHTAHA KUCIOPORZOM 
BO32yxX a. IIpoxyxT, nonyyeHHbIn IpH BsaHMogeltcTBuN 12 r (0,042 Mousa) 
H-TIPONMOPTOTHTaHaTa, 6,8 r MeTaduyueckoro Kalua HW 100 Ma A-TIpomHIoBo- 
TO CIHpTa, OKHCJICH CYXHM BO3J,YXOM Ha BOPOHKe, Kak OMNHCaHO WIA TpH- 

'a-6yToKcnTuTana. IlcnyyeHHplit OKCHA mpegctaBsseT coOol cBeTIOKeWTHIi 
TOpouioK, JIErKO PpacTBOPHMBbIM B OpraHH4eCKHX pacCTBOPHTeJAX, NIaBAUHMicA 
'B 3aladHHOM KanuMuape mpH 100—113°. Ilpogyxr rurpockomuueH u serKo 
PHApomMsyerca. 


Hafineno %: C 39,80; 39,70; H 7,70; 7,77; Ti 26,26; 26,60 


(CsH,O). TiO. BrraucneHo %: C 39,58; isl 11S: Ti 26,30 
VuctutyT opraniyeckoH XxHMuH Tlocrymuso 
um. H. Jl. 3ennucKkoro 10 I] 1954. 
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Hoxnagn Akagemun Hayx CCCP 
1954. Tom XCV, Ne 4 


XHMHA 
Aa, CMACOB u Cr, POBEB 


HEKOTOPbIE HOBbIE MPHMEHEHWA AMUJIA HATPHS 
B OPTAHHYECKOM CHHTE3E 


NOJIYYEHHE «-,8-J}MAPHJI- 8-[N-APHJI]-AMHHOMPOMMOHOBbIX KUCJIOT 


(ITpedcraenexo akademuKxom | B. M. Poduoxosem 12 I 1954) 


B ogHo 43 NpexbiyuiMx pa6oT yKa3aHo, 4TO apoMaTHUeCKHe aHMJII B 
MIPHCyTCTBHH aMHJa HaTPpHA MerKO KOHeHCHPy!OTCH B COOTBETCTBYIOMIHe 
a-, B-, y-TpHapHuirsyTaposble KucoTH! ('). Tipu coorpercTsyloul4x ycIOBHAX 
KOHJeHCalHA MO2KeT MpOTeKaTb BMOHE TlalKO CO CpeHUM  BbIXOJOM 
TpHapursyTapoBonw KUCIOTHI 35—60%. 

IIpu paccMaTpHBaHHu MexaHH3Ma peaKIMH MbI MOMYCTHJIM BO3MOXKHOCTH 
MpomexyTouxoro o6pa3opanua N-apuu-f-aMMHOKHCJIOTHOrO opraHoHaTpHe- 
Boro KomMiuekca, R’» CH(NNakR”) - CH(CeHs) - COONa, no cxeme: 


R’-CH=N-R” + NaNH2 > R’- CH(NH2) - NNaR”, 
R’ - CH(NHp) - NNaR” + CH2(CsHs) - COONa > 
> R’- CH(NNaR”) - CH(CeHs) - COONa + NHs3. 
' KucJIOTHBIM THAPOMH3 ITOPO KOMIVIeKCa, OUCBUAHO, MpHBe Obl K Mosy4e- 
-HYIO COOTBETCTBYIOUIUX a, B-qHapuu-B-[N-apus]-amMHHONpOMHOHOBbIX KHCJOT: 
| H,O 


: R’-CH (NNaR”)-CH (CyHs) COONa Gk R’-CH (NHC’)-CH (C,H): COOH. 


 JieicTBHTebHO, pH KOHeHCalMH deHuJIyKcycHOro HaTpHA c OeH- 
SHJIMeH-B-HadTUIaMHHOM MbI CMOIVJIM BbILeUTb, MOMHMO a-, B-, y-TpHpeHH- 
TulyTapoBol KHCJIOTHI, elle HU a-, B-qudenus-f-[N-B-Habtus]-amuHonponHoHo- 
BYIO KHCJIOTY. 

Hacrosujad pa6oTa cofepxKHT pe3yJIbTaTbl HAaLIHX OMBbITOB, LWeJIbio 
KOTOPBIX ObIIO HalpaBHTb KOHJeHCalHIo aHHJIOB C deHHJIyKCYCHbIM Ha- 
‘TpMeM B MPHCyYTCTBHH aMHa HaTpHA, YTaBHbIM OOpa3s0M, B CTOpOHY 
mlomyueHua q-,B-apwiMpoBaHHbIx f-N-apdsaMMHOMpOMMOHOBbIX  KACJIOT, 
RR’. CH(NHR”) - CH (CeHs) - COOH. Kak BHaHO 43 NOyYeHHbIX RO CHX Op 
pesyJIbTATOB, peakIUHA MOXKET MPOBOAHTbCA B STOM HalipaBJIeHHH MpH Halien- 
HBIX HaMH 9KCMePHMeHTAJIbHBIX YCJIOBHAX C BBIXOMOM @MMHOKHCJIOT B 
'40—60%; Takum o6pa30M, OHa ABJAeTCA OOUIMM MpelapaTHBHbIM cnocoboM 
‘CHHTe3a B-AMHHOKHCJIOT BbIWeyKa3aHHoro THMA. 

V3 metogos, KOTOpbie MOryT ObITb IIpHMeHCHbI LIA MOJIyYeHHA MOMOOUbIX 
KucloT ((2*%) wu ap.), oTmMeTuM 3yecb Meton B. Kyptesa u Cr. Po6esa (7), 
‘KOTOpble yCTaHOBMIM OOpa3oBaHue a-, B-audenua-B-[N-enna]-amnnonponno- 
HOBOM KHCJIOTbI pH B3aMOselCTBHH OeH3HJIMAeHaHMJIMHa C MeHMyKCYCHbIM 
‘xjlopoMarHueBbiM HaTpHem no JI. Ueanopy u Au. Cracopy (°): 
| C,H;:CH (MgCl)-COONa + C,H,-CH = N-C,H,; > 
| Ale: 
| —> C,H;-CH-CH (CgHs) COONa es C,H,-CH-CH (C.H,) -COOH 
N (MgCl) C,H l 

| N-C,H; 
‘Ora wuTepecHad peakilMA MoKa ellie HeWOcTaTOUHO MpellapaTHBHO HCCJIC- 
‘Wopana. 
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IKCHeEPHMeHTAIbHAA YACTh 


Kak oKa3aJIH Hall OMbITH, Wpeo6laqanve WIM MOaBJeHHe OTeJIbHbIX 
MWapaJWIebHbIX peakIHH, MPOHCXOAAMMX IPH BSaMMOJeCHCTBUH AaPOMATHYECKO- 
ro aHwla c (beHHJIyKCyCHbIM HaTpHeM M aMHfOM HaTpua ('), B CHbHOH 
CTeCNeHH 3aBHCAT OT yCJIOBHH peakuuu. OrpanuueHve ee Ha CTyNeHH MoJlyye- 
HHA OpraHOHaTpueBOrO AMMHOKHCJIOTHOrO KOMMeKca, oTBeyaoulero N- 
APWIMPOBaHHO B-aMHHOKHCJIOTe, OKa3aJIOCb OCYLICCTBAMbIM, B OOULeM, IpH 
BO3MOXKHO KpaTKOM HarpeBaHHH peaKUMOHHOM CMecH B Ooslee HH3KO KUIIA- 
IeM pacTBOpHTee HM yHoTpeOeHHH apOMaTHYeCKOrO aHHJIa B M3ObITKe NO 
OTHOLeHHIO K (PeHHJIyKCyCHOMy HaTpHio. 

Ha mpakrTuke peakIlHaA Jyullle Bcero MpoTeKaeT B Cpefe cyxoro supa 
WIM OeH30/1a, IPH MOJIAPHOM OTHOIWeHHH aHHJla K (PeHMJIyYKCyYCHOMy HaTpHio 
npHOM3uTebHO 2: 1. O6nrkHOBeHHO HcxOLAT u3 3,5 r (0,022 mous) cyxoro, 
pactepToro (peHHJIyKcyCHOro HaTpHa, B B3BecH B 50 cm® pacrBopuTeJa, | 
K KOTOpoMy mpHOaBusioT 2,0 r (0,05 Moma), pacreproro nog 10 cm? pacrBo- | 
pHTeIA KpuCTasmMyeckorO aMvyja HaTpHa no Tutepstero. DennulyKcycHblit | 
HaTpHii MOXKHO YROOHO MOJyYHTb H MpAMO B peaKIMOHHOH CMeCH IIpH Hel- | 
Tpasmusanun 3,0 r (0,022 moma) dbeHuyKcycHOH KHcuIOTHI B 50 cm? pacTBopH- 
TeJIA JOCTATOUHBIM H36bITKOM (3,2 r—0,08 Mowa) aMHa HaTpHaA HW MpH 
10-MHHYTHOM HarpeBaHHH C OOpaTHbIM XOJIOQHJIbHHKOM. K cmecu deHHu- 
yKCycHOro HaTpHA HW aMUfla HaTpHaA cpa3y upHOaBssioT 0,4 MOJIA ana, pac- 
TBOpeHHoro B 15 cM? pacTBOpHTeJIA, H peaKUHMOHHAA CMeCb KHMATHTCA Ha BO-| 
AAHOK uIH TapadwHopon Oane. II[pu OBObHO H300HJIbHOM BbI,eJIeHHK 
aMMHaka peakILWA B S*PUPHOK CpeMe 3aBeplWiaeTCA MPpHOMH3uTeIbHO 3a | ac. 
B 6en30ue, re HaOJoqaeTcA TakyKe 3HaUHTeJIbHOe PacTBOpeHHe OCcajKa 
cbeHHWIYKCYCHOPO HaTpHA HW aMUJa HAaTpHA, JIA 9TOrO HeOOxoAHMO 15—20 muu..,| 
HO BbIXOX AMHHOKHCJIOT OOBIKHOBCHHO 60OJlee HH3KHH. OkpallleHHbI B CBeTJIO- 
KOPHYHEBbIN WBeT MPOAyYKT peakiHu pa3suiaraeTca (pu ombirax c 6eH30JIOM 
nocule mpHOaBJleHHa HeOOJbWOrO KOMYeCTBa Supa) pH BbWIHBAaHHH B 
oxJlaxKMarouly!o cMecb 43 100—150 r abga u 25—30 r xmopucToro aMMOHHA. 
IIpw 9THX yCJIOBHAX AMHMHOKHCOTA BbIMazaeT B Bue Na-coun. | 

CMecb OTCACbIBaIOT XOJIOMHOK Yepes O1OXHEPOBCKYIO BOPOHKy HM MpOMbI- 
BaloT HECKOJIbKO pa3 OeH307I0M M odupom. Ilouru OecuBeTHbIH OcTaTOK pa3- 
MellMBaloT ¢ 250—300 cm? Bob! HM pa3JiaraloT H3ObITKOM pa36aBJIeHHOw 
yKcyCHOH kucJIoTH. BpimaBuiMh OCaOK AMHHOKHCJIOTHI (HJIbTpy!oT uepes 
1—2 yaca HM HeCKOJIbKO pa3 TIPOMbIBaIoT Ha (PuJIbTpe BORON. Muorga Kucsora! 
BbIMafaeT B BUAe NOJYXKUAKOU, JIMWb MOCTeMeHHO 3aTBepeBalolleh cepok 
MaccHbl. 

QTorO MOXHO uU36exKAaTb pH XOpowleM OTCaCbIBAaHHH B BaKkyyMe VIA 
BO3MOXHO TOHOrO yaJieHHA pacTBOpHTesA. OcaxleHHylo KHCIOTY Halo 
OCTaBHTb B YKCYCHOKHCJIOH Cpee MO NOJIHOrO 3aTBepweBaHHaA. 

B Oo0uIbuIMHCTBe CJly"aeB NOJyYeHHaA AMHHOKHCOTA MOBOJIbHO 4uCTaA! 
M JlerkO TepekpucrasiMsopbiBaetca. IIpu 3aTpyqHeHHOHM MepekpucTamiusa- 
IMM OUMIMeHHe CbIPbIX KMCJIOT MPOBOAHTCA Jerue BCePO Yepes TPYAHO pacrTBo- 
PHMble H XOPOLIO KPHCTAaJJIM3yIOUIMeCA B CIMPTe HIM O€H30/Ie XJOPpACTOBORO- 
pomuble cou. Jia STON WesM OCaKeHHaA KHCJIOTa pacTBOpseTCA B HeOOJIb- 
WOM KOJIM¥eCTBe OeH30sIa H OOpaOaTbIBaecTCA AKTHMBHbIM yIJIeM, 3aTeM Yepe 
pacTBOp IpoOmycKaloT pH OxJaxKMeHHM CyXOH xJOpucTHIH Bonopogr. Tovryyen-+ 
Hy!0 KpucTaJMyecKyIO Maccy IIpOMbIBaloT OeH3ouI0M. IIpu ynorpe6.enu 
pacTBOpHTeJA — cliMpTa K OOeCIIBeYeHHOMY MOMOrpeTOMy pacTBOPy KHCJIOTHIh 
HpHOaBJIAIOT HECKOJIbKO KyOMYeCKHX CAHTHMECTPOB KOHIeCHTPHPOBaHHOH couAa- 
HOH KMCIOTH. BEikpucTaJIM30BaHHy!O IPH OX/axKMeHHM pacTBopa xsJOpucTo-4 
BOMOPOMHYy!O COJIb MIPpOMbIBaloT HeOOJIbIIMM KOJIMYeCTBOM pa3s6aBseHHOrd 
cnupTa. BpyeieHHe CBOOOAHOH AMMHOKUCJIOTHI IpOBOAAT, pacTeopsa cove 
B OO/IbIIOM OObeME CHJIbHO pasOaBeCHHOH WeOUM HaTPHA M NOAKHCJIAA pac- 
TBOPp pasOaBJIeHHOH yKCYCHOH KHCOTOH. BpinaBliad KuCIOTa NOUTH 4MCTas 
H JIePKO MepeKPHCTAaJWIMSOBbIBaeTCA U3 MOAXOAAULeNO pacTBOpHTevA. 
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a-, B-Oudbeuna-6-[N-6enual+amunonponuonospaag KHCIOTA. 
Vis 7,2 r Gensuiuzenanusnna; OeciBerHble IpH3MaTu4uecKue HTVIbI (43 cmup- 
Ta — Bomb). T. ma. 171—172°. Borxom 46% up onpirax B aPHpHoK cpeze 
HM 38% B GeH3s0ne (B Mepecuere Ha BA3KYIO (peHHJyKCyCHy!O KUHCJIOTY). 
XJOPUCTOBOMOpOMHAaA CO/Ib — IpHsMaTHYeCKHe KpHcTasubI Cc T. HI. 196—197°. 

Hafigeno %: C 79,4; H 6,0; N 4,4 
Cy,H,,02N. Brryucaeno %: C 79,5; H 6,0; N 4,1 


MoustekyJspHeli Bec (B 6eH30/le): HalimeHo 327, BEruncaeHo 327. 
¢-DeHus-Pnapatoaus-p-(N-penua]-amMunonponuonoBaag 
KucnotTa. Hs 7,5 r mapameTuiOeH3sumufzenanuamua (T. Kun. 190—192° 
mpH 10 mM; T. ma. 41°); GeciBerHble MpusMaTHuecKHe KpucTaIE (u3 crup- 
Ta — Bog). T. na. 181—182°. Brixon 52%. 


Hatigeno %: N 4,5 
Co2.H2,02N. Brruucneno %: N 4,2 


 a,p-Ludbenua-p-[N-napatroaug]-amunonponunopaaga kuc- 
aotTa. U3 7,5 r 6exsuiMmennapaTomyuquna (T. Kun. 168—170° npu 12 mM; 
T. m1. 62°); OeclBeTHbIe MpH3MaTHueCcKHe KpUHCTaIbI. T. m1. 189—190° (us 
cnupta — Boypl). Bprxog 55%. 


Hatineuo %: N 3,8 
Cy.H.,02.N. BpruucneHo %: N 4,4 


o-,B-Lupenua-p(N-p-Hadtua]-amMunonponmonospag kc Jo- 
ta. Us 9 r 6ensnanpen-B-Habrunamuna (T. mt. 103°). Kucloty ouwnulaior 
yepe3 XJIOPHCTOBOOpOAHy!0 Cob (6,2 r chIpow KMCMOTHI B 50 cm? cnupra u 
10 cm® KOHIeHTpHpoBaHHOK COIAHOK KHCJIOTHI). BecukBeTHble MpHsMaTHyecKHe 
naactuuKu. T. na. 190—192°. MomysenHaa u3 coum aMMHOKHCJIOTa — Geublit 
MOpowok c pactanyTow T. ma. 9O—105°. Ilepexpuctrasu30BaHHad U3 TeTpa- 
XJIOpMeTaHa C pHOaBJeHHeM MeTpovlehHHoro sdupa — Markve Gesble UPVIbI, 
T. mu. 158—160°. Bprxog B cpeqHem 57%. 


Hatgzeno %: N 3,9 
C,;H.,0,N. BpryncmeHo %: N 3,8 


Menuyuuckad akagemua uM. B. UeppenKosa Iloctymuso 
Cogus, Bourapna 21 VIII 1953 
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Hoxnagn Arxagemunu Hayx CCCP 
1954. Tom XCV, N 4 


XHMHA 
M. ® UIOCTAKOBCKHH u J. A. KOUKHH 


ACCJEXOBAHUA B OBJIACTU KNCJOPOACOAEPKAUIMNX 
KPEMHHMMOPrAHHYECKUX COEAMHEHMK 


NOJYYEHHE MHSTHIIMEHHICHAAHXJIOPHIA, TMOTAI®EHWJICHIIAHOJA, 
TETPASTHIQUPEHHIIUCHJIOKCAHA H HEKOTOPbIE UX NPEBPAIMLEHHA 


(IIpedcmasrexo axademurxom B. A, Kasancxum 18 I 1954) 


: OHMM 43 TI€PCNeKTHBHBIX HalpaBJeHHl pa3BuTHA XMMMM KUCAOpOn- 

comepxXKalluX KPeMHHHOpraHuyeCKHX COeCAMHEHHH ABAAIOTCA CHHTE3bI U 
NIpeBpauwleHHA KPCMHHHOpraHwyecKHX CMMPTOB HM cHsJaHONOB. B- cBa3u 
¢ 9THM HaMM TIPeANPHHATHI UcCeMOBaHUA MO pa3spaboTKe cnoco6os Nowy- 
| YeHHA Wpex Le BCerO TPHaIKUJ- HW TPHapHJICHaHOJIOB pa3smM4HOrO CocTaBa U 
cTpoenua. McxoHbIMH MpOAYKTaMH B 9THX CHHTE3AX ABAAIOTCA COOTBETCT- 
'BYIOWMe aJIKHJ- HIM apHJCHaHXJOpuzb! Clexywuulero oOmero cTpoeHuaA: 


| 
: 
| 


Alk Ar Alk Alk 
oe ‘s x SS 
Alk—SiCl;. Ar—SiCl; Alk—SiCl; Ar—SICl. 
“me Z 
Alk Ar Ar At 


C weabio NONy4eHUuA CUaHOOB yKa3aHHble aKus (apu) cHaHxXIOpUAbI 
nosBeprawtcn ruzporu3sy mo caenywuel cxeme: 


[R], SiCl + HOH > [R], SiOH + HCI, 


roe R—asaKut uM apy. 

B HacTosauleM MCCeCROBaHUH M3Y4eHbI YCOBUA TuApOMu3sa BusTue- 
HUJICHaHXJOpuaa UW NOMYYeHHA WUITHAPeCHHACHIAHONAa, KOTOPbIH MOABep- 
TacA B3av4MOeHCTBMIO C MPOCTbIMM BHHHJIOBLIMH 9PupaMuU C OOpas0BaHHeM 
KpeMHHHOpraHv4uecKuXx alleTaseH. 

Cuntes KpeMHuMopraHH4ecKux alleTasieH, BiepBble OCyUleCTBACHHHIM 
Ha OCHOBE IPOCTHIX BUMHMJOBLIX S*UPOB UM AaKMACHAaHOOB (1,*), pacmpo- 
CTPpaHeH HaMH Ha MOAy4eHHe aueTaleH caelyloulero oOmmero cTpoeHusA: 


OR 
CH,CHZ 
OSi (Alk)s. 
| 


Ar 


YkKa3aHHbl€ CHHTE3bI ABJIAIOTCA JaIbHEHUIMM UCCJIEQOBaHHeM CTPOeHHA, 

CBOHCTB H p€aKI[MOHHOM CNOCOOHOCTH CHaHOJOB. 
laa moayueHua KpPeMHMMOpraHMyeCKHX alleTawelH MbI WCXOMIM U3 
TMSTHIPeHHACHAaHXJOpHAa, COOTBETCTBYIOMeTO CHAaHOa HU MpOCThIXx 
BHHUAOBLIX sduposB. UTO KacaeTCA WHITHIPeHHACHAHXJOpUuAa, ABAAIOUC- 
TOCH HCXOJHBIM MpOMyKTOM, TO HeEOOXOJHMMO yKa3aTb, UTO CTO CHHTC3 HU 
cBolicTBa B JAMTepaType He OlucaHbl. B cBa3u Cc 9THM ABHJACh Heoo- 
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XOMMMOCTb pa3paOoTaTb CHHTe3 uaTHApenuACHAaHXopHza. B urtore 
HaMH MCCJIC€AOBaHbI CeyloulMe TPH cnocoba: 

1) BsaumonelictBue eHHJICHaHTpuxOpHsa C 9THAMarHHiOpomu OM 
WIM STHIIHTHEM TO CXCMaM: 


C,H;SiCl, + 2C,H,;MgBr —> C,H, (Cos). SiCl + 2MgCIBr; (1) 
C,H, SiCl, + 21iG3H, > CH, (C3H,), Sicla = 2bier (IN) 


2) J\eticrnue AHeTHACHAaHauxAOpHna Ha denuaMarHuiOpomuL: 
(CsH;) 2 SiCl, + CsHsMgBr —> (CyH,)2 CsHsSiCl + MgCIBr. (11) 


3) Peakuma QM9aTHICHIaHNXJOpHya C MeHHINHTHEM, KOTOpad MOMECT 
ObITh WpesAcTaBleHa clemywoueh cxemon: 


(GH); SiC, © C,H. Li (Ca, a. Ca Stele Eicls (IV) 


Merox nowyyeHHun MsTHIPeHMICHIaHXIOpuya B3aHMOeKCTBHeEM e- 
HH JICHaHTpHXAOpHa C ITHIMarHHHOpOMHAOM HAM ITHAAMTHeEM (cn0coO I) 
OKa3aJICA MaJIO IpHrOAHbIM BBULY ONPeWeJIeCHHbIX TPyAHOCTeH pa3sLeeHuA 
peakuHOHHOH cmecu. Temmepatypbl KuNeHHA (eHHICHaHTpuxsopuyza 
(202,0°) wu muoTHadeHHIcutaHxnopuma (229°) cpaBHuTembHO OM3KH. 
Han6oee NpHrosxHbIM CNOCOOOM NOwy4eHHA HITHIPeHMICH IaH XIOpua 
OKa3a0Cb B3aHMOeHCTBHe MITHICHAaHAUXNOpusa c deHulMTHeM. 
Bprxom B 3TOM Cayyae mocTuraet 60%. 

J[MaTHIMeHHICHAaHO BepBble Obl NOMyYeH MOBONbHO CJIO2XKHbIM 
nyTeM — peakiMeH ITHAMarHHHOpomMuya C NpOMyKTaMM YTHApONH3a ITUI- 
denucutantuxsopuyza (*). B Hyacrosmjem uccueqoBaHHu paspa6oTaH HO- 
BIH cCNocoO NoyueHHA WHITHADCHHACHIAHONA FHAPOMM3OM MaTHAeHUS- 
cullaHxsopuga. TPunpom3s usTuidmenuicutanxsopuya erko ocylectTB- 
aadeTca mpu Zeicrsuu 1N pogublx pacTBopos ujesoueht: NaOH, KOH uan 
NH,OH wu mnpotekaet cormacnuo caenywuleH cxeme: 


(CyHs) CgHsSiCl ++ NaOH — (CH;)2 CsHsSiOH + NaCl. (V) 


Juatundenuiculanon KOHAeHCHpyeTca Cc OOpas0BaHHeM TeTPasTHILH- 
(PeHHANMCHAOKCaHa IPH CHbHOM HarpeBaHHu HM OCOOeHHO JeTKO B Mpu- 
CYTCTBHM yKe He3HAYHTCbHBIX KOJHYECTB MHHepaIbHbIX KUCMOT. OOdpa- 
30BaHHe TeTPasTHIAHPeCHHIANCHIOKCaHa OCYUIeCTBAAeTCA NO cremyiomel 
cxeme: 


(CsH;)5 CsHsSiOH + HOSiC,H; (CoH;)2—> (CoHs)> Si mares Si (CoHs)2 + H,O. (VI) 


(al geotal 


\7 X< 


J\usTHAPeHMICHAaHON AerKO B3aMMOMeHCTBYeT (MaKe Cc pasorpepanuem) 
Ip KOMHaTHOH TeMMepaType Tak2Ke C BHHHJOBLIMH ac:upamMu c O6paso- 
BaHHeM COOTBETCTBYIOMMX aueTatel. TlomyueHue oHOrO u3 NpemctTaBu- 
TreseH 9TOro KwJacca — 6yTHAAMaTHIPeHMACHAAanHaleTaia — onucaHo Hamu 
HuKe. HBytTuaquetTuipenuiacnanaleTaib WodyyaeTca B3aHNMOlelicTBHeM 
AMSTHAPEHMICHIAHONa C BHHUAOYTHAOBLIM ad@upom. Peaxuna ocymectB- 
seTCAH 0 cxeme: 


OGiH, 
al) 21077 + CH, = CHOC,H,—> CH,CH 
| | Oi (CaHs)a (VII) 
WA 
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_ Crpyktypa nozyyennoro yusTHacenuACHAaHONa ycTaHaBaMBatach Hamu 
HOyYYeHHeM M3 HerO KOHeHCalMH WuMepHOTO coeMHeHUA — TeTpa- 


STHIANPeHMAAMCHIOKCaHa M KpeMHUMopraHMyecKoro aleTata — OyTHALH- 
STHIPeHMJICHaHaleraa. 


IKCNeCPHMeCHTATbHAA YaACTh 


_ Tloayueunue AUSTHUIPeHHACHAAHXNOpUa. B tTpexropsyro 
pend e€MKOCTbIO 1,9—2 1, CHaO*KeHHy1O OOPATHBIM XOJIOMMJIbHAKOM, MeXaHH- 
YeCKOH MellaIKOH, KalleJIbHOH BOPOHKO H TepMOMeTpOM, HoMelamuch 24 r 
Marnua usu 14 r murua* B Bue cTpyxek, 500 Ma OesBomHoro cepHoro 3pu- 
Pa WM HECKOJIbKO KPHCTaJIHKOB Hoa wM 0,3—0,5 Ma O6pomucroro 3Tuua. 
4s Kall€JIbHOH BOPOHKH MpHJIMBaJiOCb No Katwiam 157 r (1 r-Mosb) 6pomucto- 
ro genuua. Iloce BeewqeHHA HeOobUIOrO KoMYeCTBa 6pomucToro deHusa 
peakIHMOHHaA CMeCb pa3MeLIMBaJiacb NpH KOMHATHOH TeMMepatype B TeyeHHe 
20—30 mux. Ilocale Toro Kak peakUMa Hayasacb, WabHelilee MO6aBmenue 
6pomuctoro dexuJIa MpoBoAHOch pum Temmepatype peakIMOHHOM cmecH 
He Bbiue 30—35°. Ilocme ero BBeMeHHA pa3MelIIMBaHHe IpH KOMHATHOM TeM- 
Hepatype NpososuuKaslocb B TeyeHHe 1,0—1,5 uaca, mocJe uero peakuMoHHaa 
CMECb, OCBOOOKCHHaA OT OCTATKOB MaPHHA WIM JIMTHA (MeCXaHHUeCKMM yTeM 
WIM QHJIbTPOBAaHHeM Yepes CTeCKIAHHYIO BaTy), BbIIMBalaCb B KalleJIbHy!o 
BOPOHKy. 

B ocpoOoguButyloca Tpexropsyio Kol6y BaMBaMcb 157 r (1,0 r-mMoms) 
IMaTHICHIaHAUxJopuna (T. Kun. 128—130°; dz” 1,1070) um 200 ma 6e3Boz- 
‘Horo odupa, a 3aTeM IPH NOCTOAHHOM pa3MelUMBaHHH MarHuiOpomdenur 
‘Hsu denuiauTuh. PeakiuoHHad CMeCb HarpeBaJlaCb Ha BOAAHOH OaHe B TeUe- 
Hue 6—10 uac.— B cly4ae NpHMeHeHHA MarHHHOpom@enusa uv S—5,5 yac. B 
cmyuae dennamutTua. Ilocule sToro NpoAyKTbl peakWun CuIbTpoBamuch mpu 
NOMOIMM BaKyyM@UWJbTpa, a OCalOK MpOMbIBaJICA HeECKOJIbKHMH NMOpIMAMH 
adupa. Ilocie oTroHkH supa H3 IPHPHHIX BLITAKeK MU 9*PupHOrO pacTBopa 
‘M TlocJexyoulero MOBTOPHOPO (pakUHOHHPOBaHHA IMPOAVKTOB peak BBI- 
Tensocb 119 r BemlecTBa (B Cilydae IpHMeHeHHA PeHHJWINTHA) CO CemyIO- 
IIMMH KOHCTaHTaMH: T. Kun. 229° (756 MM); hie 1,5130; ae E0252: 
Halimeno MR 58,26; spraucaeno gaa CyoH;sSiCl MR 58,99. 

Hatimeno %: Cl 17,15; 17,55 
C,9Hi;SiCl. BrraucmeHo %: Cl 17,84 


CormacHo Ja@HHbIM aHasiM3a, BelllecTBO c T. Kum. 229° (756 MM) MOoxHO 
MPHHATh 3a WnaTHIpenucHaHxJopuyA. Byxoy MMITHIPeHMJICHIAaHxXOpHlLa 
coctaBjalt 60% or TeoperHueckoro, CUuTAaA Ha AMITHJICHIAHAUXJOpHy. 

Tlonmyuenuve RHITHAPeHuMACHAaAHONA. B Tpexropsyo Koby 
nomeulasiocb 100 r qusTumdbeHumcHaHxsopuya, 500 Ma OesBoqHOro 9cdupa u 
HeECKOJIbKO Kaleb PeHomdtramenuna. V3 KallesbHOM BOPOHKH MpH CHJIbHOM 
Pa3MCIIMBaHHH peaKUMOHHOL cMecu OnilcTpo BBoAMICA | N BOAHBIM pacTBop 
elKoro HaTpa JO NOABJeHUA ycTOHYHMBOrO cabo posoporo OKpallmpanus. 
CoyepxKHMoe KOJIObI pasfesIAIOCb IPH MOMOLIM eJIMTebHOW BOPOHKU Ha Ba 
cmon (supHEIM u BonHEI). Bognpi cmon MPOMBIBaJICA HECKOJIbKUMU TOp- 
WHAMH cepHoro adupa no 70—100 ma. OupHpm coh u apupHble BHITAKKH 
OObCTMHAIMCh HW CYWMIMIMCh Ha WOTauIOoM B TeyeHue 25—30 mun. Ilocae orron- 
KH a:pupa HW MoceLyouleno (ppakKUMOHHpOBaHHA B BakyyMe BbULeIAIOCb 87 Tr 
BeILeCTBA CO CJIeELYIOUMMH KOHCTAHTaMH: T. Kun. 107,5—110° (9 Mm) (BbIxon 
91% or reoperuyeckoro); 7 1,5170; dz 0,9905. Halineno MR 55,07; Bpi- 
yqucmeHo Wid CioHigSiO MR 55,27. 

Haligeno %: C 66,89; 67,05; H 8,78; 8,79; Si 15,54; 15,35 
C,)H,.SiO. Brruucaeno %: C 66,88; H 8,87; Sigionoo 


* B cayuae NpHMeHeHHA AMTHA Nomyyenve MTHHeHHNIa MpOMsBOMMOCb B aTmociepe 
a30Ta; ¢ STO WebIO Yepes peakWHOHHy!O KOsGy mponyckKasica cyXxOli a30T C HeOOMbIOK 


CKOpOCTbW. 
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TlomyyenHoe coeqMHeHHe ABIAJIOCh JHSTHIPeHHJICHIAHOJIOM. JiuaTu- 
(PeHHJICHIAHON MpefcTaBA CoOo MaJIONOABYKHY!IO XKHAKOCTb CO c1a60 
KaM@OpHbIM 3alaxOM, yCTOHYMByIO pH XpaHeHHH, paCTBOPUMylO B acupe, 
CIMpTe, XJIOPHPOBaHHbIX YIVIeBOMOpONax, HepacTBOpHMy!O B BOLE. IIpu Ha- 
PpeBaHHH MMSTUIPeHMJICHIaHOa B MpHCyTCTBHH CJeQOB COJAHOM KHUCJIOTHI 
Mosmyuasicd TeTPasTHAMPeHHAMMCHIOKCAaH; STO TaKKe yKa3blBaJ0, YTO Mouy- 
YeHHOe COCMHHEHHE ABJIAJIOCh JHITHJIDCHHJICHAHOJIOM. 

Tlonyueune TeTpasTHIqumenuaAnucuaokcana. [ustn- 
(eHWICHIaHO HM HeCKOJIbKO KalleJIb KOHICHTPMPOBaHHOM COJIAHOM KHCJIOTHI 
MOMeLUaJIHCb B KpyrIOMOHHYy!0 KOJIGY C OOpaTHbIM XOJIOMMJIbHHKOM, MH peak- 
IMOHHaA CMeCb KHNATHach 2—3 uaca. Iloce npocyWiMBaHHaA MOTaWOM HW 
(pakiWMOHHpOBaHHA B BaKyYyMe BbI[e/IAIOCb BeLLECTBO CO CJIeYIOWIMMH KOH- 
crantama: T. Kun. 216—218° (22 mm); np. 1,5214; 2) 0,9828. Haiinexo 
MR 107,08; BptuncieHo Aa CooH30Sis0 MR 107,07. 

Hafineno %: C 69,78; 70,04; H 8,72; 8,67; Si 16,60; 16,71 
CypHgpSigO. BprruucaeHo %: C 70,05; lal cr aGe Si 16,40 


Coemnuenne c T. Kum. 216—218° (22 mm), npeacTaBaBliee coOoK TeTpa- 
STHIINPCHHUCHIOKCaH, ABJIAJIOCb OeCIBeTHOH, MAJIONOZBH2KHOH XKAZKO- 
CTbIO, paCTBOPHMOH B alleTOHe, CHMPTe, XJIOPHPOBAaHHbIX PaCTBOPHTe/AX, HO 
HepacTBOpHMOH B BOs. 

Tlonyuenne OyTuaguaTuAmperuacuaanauetaaa. B xpyr- 
JOMOHHY1O KOOy c AByMaA TyOycamu, CHaO2xKeHHY!IO TepMOMeTPOM Hu O6- 
PaTHDIM XOJOAMIbHUKOM, NoMemanocb 11 r BuHuAOyTHAOBOrO 9|dupa 
(r. Kum. 93,0—94,0° (758 mm); 2% 1,4010; ad? 0,7792), 9,0 r mustTune- 
HucuaHota u 0,02 Ma KOHUeHTpHpOBAaHHOH COMAHOM KuUCJOTH. SaTem 
KO0a C peaKIMOHHOKM CMeCbIO HarpeBawacb Ha KuNAWeH BOAAHOH OaHe 
B Teyennve 1,0—1,5 uaca, nocue vero ocTaBamacb Ha HOU. Iloce HehTpaiu3a- 
IMM MOTAWOM MW (PpakWMOHMpOBaHuA Oblaiu noyyeHH: | dpakuua c T. Kun 
no 125° (8,5—9,0 mm) 4,0 r; 1?) 1,5057; II @paxuna c T. Kun. 125—130° 
(8,5—9,0 mm)1,5r; 72) 1,5048; III pakuna c tT. Kun. 144—154,5° (8,5— 
9,0 mm), 8,0 r; 21,4817; octarox ppaKuuonupoBanna 3,0 r. 

®paxuun II u II] coequuamcb BMecte, oOpadaTHIBaIuch MeTaIMyUeCc- 
KHM HaTpHeM C UWeJbIo' yAalenvA CleqoB uaTHIpeHHICHAaHONa uM N0- 
BTOpHO (bpakuMoHupoBaaucn. IIpH stom mnowyyanoch 6 r BemlecTBa co 
CA€AYIOUMMH KOHCTaHTaMH: T. Kun. 120—123 (3 mm); 1? 1,4776; g?? 0,9377. 


Haiineno MR 84,57; spruucaeno maa CygH.sSiO, MR 84,94. 


Hatineno %: C 68,74; 68,46; H 9,74; 10,04; Si 9,94; 10,26 
Cy,HegSiOg. BrruncaeHo %: C 68,52; H 10,06; Si 10,00 
TloryyeHHoe BeeCTBO ABAAIOCh OyTHAILMaTHIpeHMACHAaHaleTaeM. 
Burxom ero cocrapaana 54,5% oT TeoperuyecKoro, cuNTad Ha uaTuspe- 
HHJICHIaHON. ByTHIqMeTueHucuslaHaleTatb mpekcrapaan co6ol noz- 
BIXKHYIO OC€CUBETHYIO 2%KHAKOCTb C yCTOMUMBHIM 3alaXxXOM, XOPOIIO pacTBO- 
PpuMyiO B 9*upe, alleTOHe, XAOPHMPOBaHHbIX PacTBOPUTeAX M HepacTBopH- 
Mylo B Bowe. C meraimHueckKuM HaTpHeM OyTuAAMETHAceHMACHAaHale- 
Tab PearHpOBa AMUIb MPH MOJTOM CTOAHUM WIM Up HarpeBaHnun. 


VMuctutyt oprannyeckoh xumuu um. H. Jl. Seanncxoro Tocrynuo 
Akanemun HayK CCCP 15 1 1954 
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Onucanne cBoficts qH9THAdeHuAcCHnaHona Kunnmnrom (°) Kak HeycrToiimBoro coeqH- 
HeHHA, KOHACHCHPyloulerocsa yxKe MpH CTOAHHH B TeYeHHe HeCKONbKUX YaCOB, OLIMOOUHO. 
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Hoknagn Anxaygemun Hayr CCCP 
1954. Tom XCV, N 4 


PH3SHTECKAA XHMH4A 


3. H. ANMPOBHY 
O KBAHTOBOH MEXAHHKE HM TEOPHH PESOHAHCA 


(ITpedcraezexo axademuxom H. H. Cemenoeotm 15 XII 1953) 


1. Croponnuku Teopuu pesonanca Ilaysuur ('), Yanann (2) u ap. nper- 
CTABJIAIOT €€ OCbIUHO KaK HeMOCpeACTBEHHOE CJIeACTBHe KBAHTOBOM MeXaHUKH. 
Ha BcecotosHom copeulanuu (3) wu B page crateli ((4!°) u mp.) ormeyauocn, 
4TO Pe3OHAHCHO-Me3OMepHad TeOPpHA — He CJIeEACTBHe, HO H3BpallleHve KBaH- 
TOBOM MexaHuku. Hexoropple aBTopbl, OAHAKO, IPHHAJIM Ha Bepy yTBepxKeHHA 
[layuura, YouaHwa WU Ap. H B CBOeli KPHTMKe TeOpHM pesoHaHca oOTOK]e- 
CTBJIAIOT ee JIHOO C OCHOBHBIMH NpeAcTaBJICHHAMH KBAHTOBOM MeXaHHkKH, M60 
c€ ee PpacueTHbIMH MeTOZaMH (CM., HalpuMep, cratpu M. V1. Batyepa (!!}8)). 
[loqo6uble BbICKa3bIBAHHA OObCKTHBHO CIOCOOCTBYIOT IIpHAaHuio Teopuu pe- 
30HAHCa He3aCJly2KeHHOPO €10 aBTOPHTeTa Hay4HOcTH. C Apyrol CTOpOHBI, cBA- 
3bIBaH BOCIHMHO KBaHTOBYIO Me€XaHHKy H OWMOOUHYIO TEOPHlO pe3s0HaHca, OHH 
HeEOOOCHOBaHHO CTaBAT HO COMHeHHe CaMYIO BO3MO%KHOCTbh MIpHMeHeHHA 
KBaHTOBOH MeXaHHKH B XHMHH. 

Hacrosilad 3aMeTKa HMEET IeJIbIO MOKa3aTb Ha KOHKPeTHOM IIpHMepe, YTO 
'TeOpHUA pe30HAHCa-Me3OMepHH HH IIPAMO HM KOCBeEHHO He CJIe€yeT H3 OCHOB 
\HJIM Me€TOMOB KBaHTOBOH Me€XaHHKH, a HallpOTHB, KOPeHHbIM O6pa30m MpoTu- 
BOpeyHT eH. 

2. OOpatumca K MpocTekiiieH sazaye aTOMHOH cbusHkH — paccMoTpeHuto 
OCHOBHOTO COCTOAHHA aTOMa BOomopoma. Kak u3Bectuo (!4, 15), kBanHTopaa 
MeXaHlkKa JlaeT B 39TOM CJlyyae TOUHOe PellleHHe BOJIHOBOTO ypaBHeHHA 


3 et 
ross = == Ue Ey = — Hr = — 18, 55 3B, (1) 
[MpHueM BOAHOBaA SYHKUMA Yrow MOKA3bIBAeT, UTO HavOOMee BEPOATHBIM 
ee penne QJIEKTpOHa B OCHOBHOM cCocTOsHMH aTomMa H sBuasaetca 
ccbepa patuyca a =h*®/me? = 0,529-10°* cm. 

KpauTopad Me@XaHHuKa pacKpblpaeT Tak2xKe MpH4HHy TaKOTO cTpoeHUA 
aTOMa BOOpoma. Ora MpwywHa 3akOVaeTCA B KBaHTOBbIX CBOHCTBAX 
BCKTPOHA, HE MONYCKaIOWIMX BO3MOXKHOCTH OMHOBPCMECHHEIX 3HaveHHli 
r vp BHe pamox cooTHomenua pr? > h? (pu p= 0; r=0) (4, "). ; 

Ecuu 6b nopeenue 2eKTPOHA ONPeAeCAANOCh 3aKOHaMM KJaccnyecKoli 
MexXaHuKu, TO ero noaHad 9Heprun E= p?/2m—e?/r paBuanach Ob 
—e?/2r (1°) w MHHUMYyM 9HEprun OCYMeCTBAAACA Ob! IpH fa), Tare sdtp i 
naeHuu geKTpoHa Ha Apo. Ho, coracHo 34KOHaM KBaHTOBOM Me@XaHUKh, 


CpeHAA KMHCTHYCCKAdA 9HEPIMA IATEKTPOHA (Ka? /2mr*) upu r<a ysBe- 
WMUMBAeTCA pH COMMKeHUM eTO C MIpOTOHOM ObIcTpee, 4eM yMeHbIMAeTCA 


CpeqHAA NoTeHmMatbHad sHeprua (U~—e*/r). BeneactBue stToro mpu- 
OMKeHMe ZCKTPOHA K MpOTOHY Ha paCCTOAHHA, MeHbIIMe A, NpMBOAMT 
K BO3pacTaHHlO NOAHOM 9Heprum aToma. HanpotTus, mpa r >a ocHOoBHy!O 
pOlb urpaeT NOTeHUMaIbHad 9Heprua u E pacteT c yBeauyennem fr. YcrToii- 
YHBOe COCTOAHUe IPH fF =a OGYCOBMeEHO COOTBETCTBYIONIMM 9TOMY pac- 
CTOAHHIO MHHUMYMOM NOJHOHM 3HeprHn. 


9 JAH, Tt. 95, Ne 4 
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3. IIpopemem Tenepb pacuer TOH 2ke 3aqa4H MCTOAOM, THNMYHBIM As 
KBaHTOBOM XMMHH. STOT M€TO, COCTOHT B MpeACTaBAeHHH BOJTHOBOH @yHK- | 
WMH paccMaTpHBaeMOM CHCTeMbI B BUAe CYMMbI OMNpPeeJCHHbIM 00pa30M 
BbIOPaHHHIX HUSBECTHHIX PYHKINMH, COMep2xKalleH Bapbupyemble MapaMerTphl. | 
TlocaemHHe OnpemerAIOTCA M3 YCJOBHA MMHMMYyMa MNOJHOH 9Heprun CH- 


CTeMBI: 6 \ b*Hvdt=0, Pa3snuune Tak Ha3bIBAeMbIX MCTOAOB 9CKTPOHHPIX 


nap, MOJ€KyAApHbIX OpOHT H AP. HEMPMHIMMNHAIbHO, TAK Kak 3aKJOUaeTCA 
B pa3JIH4HOM BbIOOpe YACHOB BaPpbUPyeMbIX CYMM Ip COXpaHeHHH OMHA- 
KOBOH MeTOJUKH pacueta. 

Teopua pe30HaHca-Me30MepHH TPaKkTyeT COCTOAHUEe v= Yo; KaK Me-| 
30M€pHoOe COCTOAHHE, BOSHHKAIOWMee B Pe3syIbTATe Pe3OHAHCa MNpeLeAbHbIX 
ctpyktyp ;. Tor pe3ybTaT, YTO SHEPrMA CHCTEMbI B COCTOAHUM ') MEHbIIC 
9HeprMi, PaCCUMTAaHHbIX pH NOMOMM yHKUMH Yj, TeOpHA pe3s0HaHca- 
Me30Me€pHH MHTepmpeTupyeT Kak CIeMCTBHeE Ppe3OHaHCa 9THX CPUKTHBHDIX 
NIpeAeAbHEIX CTPYKTYP, MpuHBOAAMerO K MOABJCHHIO HEKOTOPOH «3HeEprHuu 
pegonaHca>, cTaOvm3ylomeli cucremy. B cayyae aToma BOOpowa MbI. 
HM€eM BO3MOXKHOCTbh CPpaBHUTb Pe3yJbTAaTbl BAPHANMOHHOTO pacueTa HW UX. 
THNMYHYIO JIA TeEOPpHH Pe3OHaAHCa TPpaKTOBKY C MPHBEMeCHHbIM BbIMNe TOU- 
HbIM KB@HTOBO-M@XaHHY¥eCKHM PpaCCMOTPeHHeM 3aauH. 

ByeM uCKaTb BOMHOBYIO PyHKUH Y B BHE * 


Bina 7 naar | 
y= (sin F + Csin 5") npy r<b; b=0 npn r>sd, (2) 
rie 6 u C— papwallMoHHble napametppl, a B = we eee onpeneaser- 
V2r6 VitC 
ca “3 ycCaoBua HOpMupoBKu. Corsacuo (2) | 
Tat Cae ea e? hy ch eC + oC * 
E=(y/ ae — 5) ode = Se (3) 
rice | 
ae ear Oe Ae? We 4h?" DB | 
I Smaps Ola SRT BS ak Orem a 
Tv Tw 
4 > sin? x nic in 2 
TloctosHupe A, =| damle 2, pig Te) See \ a _ 7 dx= 0/58. on 
0 0 


‘ sin? 2x 
Wee \ ~~ dx = 1,54 onpenerenbl 4MCeHHEIM HHTerpupoBanuem. 
0 


Ben ee eee 29,58 —1,32 

Hs 0E/8C =0 uaxoamm C=FY (pee) 41 aoe 
rae $= 6/a, mpuyem us Bblpaxkenua (3) caemyeT, 4TO mMuHumymy E& 
COOTBETCTBY€T NOJOXKUTEIbHBIN KOpPeCHb YpaBHeHHA, Tak Kak o.<0. 
H3 0E/0b =0 uaxoyum, 4TO ‘ 


Cees Vy ( 0,988 1 4,93 — 1,126 0,58 
(9,72— 1,548) 19,721,548 * 19,72 —1,54p° 


IIpupapuupan snauenua C, nowyyennpie us 0FE/O0C=0 u 0F/0b=0, 
MW HCCICyH KOPHM NOyyaeMoro TakKMM OOpas0M ypaBHeHuA Aaa 6, Haxo- 
MM, UTO MMHHMyMy FE cootTsBetcTByert 8 = 4,04, 7. e. b = 4,04a. Coorser- 
cTBeHHO, C = 0,34. IIpu stux 3Hayenuax 6 uC 9sHeprua E = — 10,58 9, 


CmpasBa oT b opmyvia (2) onpeneastet ) B OTKPbITOM, a HEB 3aMKHYTOM IIpOMexKYTKe 
(7 > 6b, a ne r>b). Ipu stom byHKuna BCIONY YIOBJETBOPACT HEOOXOAMMbIM Tpebo- 
BaHHAM HCMPCPbIBHOCTH H HeMpepbIBHOH AMppepeHunpyeMOcTH, B YeM JerKO y6e- 


MMTbCA, PacCMaTpuBas Y (7) KaK, lim f(r), rue iOS B (sinkr + Csin2kr) upu r<b: 
q—>o if ~ = 
dev — 


OGLE (CSD a Barve 
7 fon CORED) 8 Co~ Vig Sine | apn r>ob. 


ro = 1,47a, a pacnpezenenne naornocTu QACKTPOHHOTO OOnaKa*® w?=4nr2y? 
u300paxkeHO Ha puc. 1. Mbl BuaMM, UTO 9HeEpruA OCHOBHOTO cocTosHHs 
atoma H, ompejenennaa BapHallHOHHbIM Me€TOAOM MpH MOMOULM PynKyHH (2) 
coctapideT 78°/) or ee HcTHHHOTO sHauenua (1), a NpHOmMKeHHaA BOMHO- 
Bad dyHKuusA (2) rpyO6o anmpokcumupyer TOUHYIO BOAHOBYIO yuku (1). 


| CJM B NOHCKax pHOmH2xXeHHOrO peuleHHxA 3afaunH MbI OrpaHHY4HMCca 
const Tr 


(OAHAM YICHOM ), = te 7 > TO MOyuHM E =— 8,22 93 u r,=2,02a. 


[IpH 9TOM, KaK BHAHO u3 puc. 1, b, ammpoKcumupyer Yroux XY2Ke, FEM 
AByWeHHaA PyHKyAA ), cooTBeTcTBylomas (2). [pu coxpanenun TpexKpar- 
|HBIX, YCTHIDEXKPATHBIX HT. A. CHHYCOB B (2) BOHOBaa YHKIMA MU DHEpruaA, 
lope eAeMbIe BApHallMOHHEIM MeTOOM, Bce GMxKe Oy LyT COOTBETCTBOBAaTb 
irouHOMY pelleHHI0 3aauu, TaK Kak pH Oe3srpaHH4HOM yBeAMUeHHH UNC 
qmeHoB b->oo u BbIpaxeHve (2) MepexOAHT B pasNOKeHWM trou = 


=2V tr Yom B HHTerpan Pypbe (!”). Mbt BuguM, uTO BapHalHOHHbIii Me- 
POM MO3SBOMACT C KAKO YrOAHO TOUHOCTHIO PEMIMTh NOCTaBAeHHY! 3amayy. 
_ 4, PaccmotpuM Tenepb Cc NO3HIHH TeEOpHH pe30HaHCa-Mesomepuu M0- 
fe canoe BbIMIe BapHWalWOHHOe pelleHHe 3afauH OO aTOMe BOOpOra. 
Mpbl QOMKHBI OyeM TOrfa CKa3aTb, UTO OCHOBHOe cocTOAHHe aToma H 
IpeAcTaBAAeT COOOH Me3SOMepHOe COCTOAHHE, BO3HHKAIOMee B pesyabTaTe 
cynepno3uluu AByxX CPUKTHBHBIX ** «cTPpyKTyp» 


t { const sin = mupu r<p; learn ne mpH ro; 
a ee (4) 
( 0 upu r >> b; | 0 pH 7 > 0, 


hi mpHunHoK yCTOHYMBOCTH aroma H spaneTcH pe30HaHC S3THX (PHKTHBHbIX 
|cTPYKTyp», MpwBoLAuM K NoABeHHIO ; 

‘TaOuusylollel aTOM «9HeEprMH pe30- 4 Y 

haucay AF = 10,58 — 8,22 = 2,36 ap. 
| Takum oOpa30M, MOcTaTOUHO IpH- 2. 
Me€HHTb TeEOPHIO pe3s0HaHca K OHOL 
lig mpocTeuIMx aTOMHBIX 3aau, TO- , 
‘bl yOeAuTbCA B MOMHOH dantTacTuy- 
NocTH yTBeEpKAeHHH O TOM, YTO 9Ta | j, 
/eopus AKOObI Ce€MyeT W3 KBaHTOBOH 
M@xXaHHKH 4 mpeacTapaaeT codon 
fBaHTOBy!IO MeXaHuKy MovieKya. Cran- 
mapTHoe OOBACHeHHe ABJeHHH uM CO- 
lrosuuli 90eKTpOHHbIM pesoHancom, ™ 
lak oKe KaK UM THNMYHAA AA TeO- 


) uu pe30HaHCa-Me30MepHH «MHOTO- Feu dits ay cdge MOE eee 
(TPyKTyPHOCTb», MOABAAIOTCA B 3aqaye a (7a 20a 

| mpoctefimem aTome, Tak %*e Kak eet 
|B gagaye O CAOKHOK MOJeKy Je. Paced 

Imex BO3MOXHOCTb B JaHHOM CaLyuae 


PaBHUTb ero C NPHBEAEHHbIM BHILIE OObACHEHUEM, HENMOCPEACTBEHHO CuJe- 
| yIOWMM 3 KBaHTOBOM M€XaHHKH, MbI BAAMM, YTO M@KLY HAMM HET HHYErO 
‘6mero. BmMecto pacKpbITHA HCTHHHBIX MPHYHH TeOpuA pesoHaHca BbIABH- 
‘aeT PUKTHBHIC, IpenATCTByA TEM CaMbIM NOHMMAHHIO ABJCHHH MHKPOMHpa. 


* eu’dr paBHO 3apaly 9ICKTPOHHOTO OONaKa, 3aKMIOYCHHOMY B CcepuHyecKoM Cae 
t 7 10 r+ dr. 

** BonHopble (yHKWHH Y, WH Yy OMMCHIBAIOT CTANHOHApHble COCTOAHHA 9/1eKTPOHA 
 mpsAMOYyrOAbHOH NMOTeHWHaAbHOH sMe pamuyca b c 6eCKOHeEYHO BbICOKHMH CTCHKaMH. 
Tome MpOTOHa TaKHe COCTOAHHA HeOCYUECTBMMbI, TOUHO TAK #Ke KaK HEOCYMLCCTBUMBI 
MOJeKYyJe MpelesbHble CTpyYKTYpbl TeOpHH PeSOHAHCa, BOMHOBHIE PyHKHH KOTOPbIX He 
3IAIOTCA HH TOYHbIMH, HA WPHOWKeHHDIMH PeWIeCHHAMH BOJHOBOTO ypaBHeHHA WA MOwe- 
po IPH UCTHHHBIX M@KATOMHBIX PacCTOAHHAX B Heli (1°), 


I g* 827 
i 


ih 


TlpopegenHoe paccmoTpenve uamocrpupyer TakK2xKe NOAHy HeOOOCHO- 
BaHHOCTb OTOKMECTBICHHA TEOPHH pesOHaHCa C BapHallHOHHbIM pacdeTHbIM 
MeTOLOM. STOT MeTOA upemcrapaser coOo cnocoO HaxoxKMeHHA MpHoOlH- 
%KCHHOTO PeIICHHA 3aauH O CTANMOHAPHbIX COCTOAHHAX ATOMHBIX WH MO- 


wekyapHpix cuctem. I[Ipemcrapnenue 0 B Buse Dd cube HMe€eT CMBICH 
; | 
OOBIYHOTO pasox#KeHua (byHKWHH B CTpOKy, KOrfa PelWIeHHeM ABJAACTCH 
BCH CTpOKa B IeJIOM, a OTHIOAb HE Kaki OTICJIbHBIM ee 4eH. ToT 
dbakT, UTO 9HEPHA CHCTEMBI B COCTOMHHM  OKa3bIBAeTCAH MECHbIICH, UCM 
pH dopMadbHOM noAcueTe ee AAA Kak Moro u3 CcMaraeMblX Yi, WpeAcTaB- 
aiaeT COOoH OUeBHAHOe CAeEACTBUe BapHallMOHHOrO pacueta, HOO Kosdmu- 
UMeHTHI 9TOH CyMMBI HaliqeHbI M3 ycaoBua MuHuMyMma £. Huuyero cneln; 
(bu4YeCKH KBaHTOBOMeXaHHYeCKOrO B 9TOM NOCAeAHeEM pesyAbTaTe HeT, 
AnaOrMuHO MOXKHO ObINO Obl, HalpHMep, paccuuTaTh B KwaccuyecKor 
ONTHKe 3aayy O TpaeKTOPHM cBeTa B cpewe C NEPpeMeHHbIM NOKasaTeeM 
IpCJOMICHUA, OCHOBbIBAACh Ha BapwalwMOHHOM upuuyune Depma (7%), 
Ecam mpopectw ocb aOcuuce uepes HavamtbHy!io TouKy A u KOHeNHY 
TOUKY B cBetoporo qyua W WCKaTb TpaexTtopui y =f (x) B Bue CTpoKH 
1— 
eae Sen sin, rme b—paccrosuue AB, To, HauHHaAd OT onpexe: 
n j 
neHHoro N, vem OoubIIe UICHOB MbI BO3bMeM B 3TOH CYMMe, TEM TOUHEE 
Oy leT aNNpOKCHMallMAH TONHOTO pelleHHA M TEM MeHbINe OyAeT paccun 
TaHHoe no MepmMa BpeMaA pacmpocTpaHenua cBeta ot A jo B*, | 
YTBepXAaTb, YTO B MOJeKYyNaX MpOMCXORUT YMeHbINIeHHe SJHEPrVd 
BCJELCTBUE PC3OHAHCa «MPeEMbHbIX CTPYKTYP», HMeeT He OOAbIME CMBICAA| 
4YeM YTBePKaTb, YTO B ONTHKE NPOHCXORMUT yMEHbINeHHE BPeMeHH pai 
mpoctpanenux cpeta u3 A B B spenencrBue pesoHaHca capexeabus| 
TpaeKTOpH». 
Ha mpumepe 3aqauu 06 aTome BOmOposa BUAHO, 4TO MpencTaBsenns 
TEOPHH Pe3OHAHCa-MC3OMePHH OTHIOAb He CHenuMuUHbI A CJOKHbI 
MOJI€KYJI, 4 BOSHHKaIOT B MNOJHOM OObEME IPH HeMpaBUJIbHOH TpakTOBK 
BapHaWHOHHOTO pacuetTa m1000H MuKpocucTeMB. OHM He MMeIOT HuYer! 
ooOuleroO C KBaHTOBOH M€XaHHKOH. 


@PusnyeckuhH unctTuTyT uM. Il. H. Jle6enesa Tlocrynuso 
AkazemMuu HayK CCCP 2B) SAUL WSs} 
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BPe€MeHH PacnpocTpaHeHuA cBeTa. 
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DHSHIECKAST XHMHA 


C. M. CKYPATOB, B. B. BOEBOJICKHM, A. A. CTPEMHXEEB, 
E. H. KAHAPCKASI u P. C. MYPOMOBA 


KATAJIMV3 PEAKUMH NMOJIMMEPH3ALIMAM ¢-KANPOJIAKTAMA 
KHCJIOTAMH 


([Ipedcmasrexo axademuxom B. H. Kondpamsesvia 30 XII 1953) 


| B uacrosujem cooOuleHHu w3qarawoTCA pesyAbTATbI USYYCHHA KMHETHKH 
DeaKWMH NOMMMepHsallun ¢-KallpOwakTamMa pw oOaBseHuN K HEMY, NOMHMO 
AKTHBATOPa BObI, KHCOTHbIX KaTaMW3aTOPpOB: MacAHOH u docdopHok 
KHCIOT B pa3IMUHBIX KOHILeHTpanunAx *. 

OoOpas3ibl: KampOmakTaM OUMINaICH ABYKpaTHOH MeperonKoH mpu 
MOHWKCHHOM J{aBJICHHH B TOKE a30Ta HW BBICYIIHBAICA JO NOCTOAHHOrFO 
seca; BOa HW WOOaB.IAeMbIe B Ka¥YeCTBE KaTaH3aTOpa KHCJOTHI mpezBa- 
eC PHO TULATeIbHO OUHMMaJIHCb. 


yea ea fe 
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100 


Chopocme 


S 


0 x 4 6 8 10 7 14 6 8 9a. 


Puc. 1." Kunetuka nounmMepu3anuu’ c-Kampolaktama. 1—5—c 1,0 Bec. % 

BOJbI H pa3sIM4HbIM KOAMYeECTBOM MaCAAHOH KuCcaOTE: 1— 1,56 Bec. % 

(231,5°); 2—3,16 Bec. % (210,0°); 3—1,56 Bec. % (210,0°); 4—0,1 Bec.% 

(231,5°); 5—O0% (231,5°); 6—6es Bomn, 4,43 Bec. % MaCIAHOH KHC- 
noth (231,5°) 


| PesyaprTraTh u3smepeuul. Ha pwc. 1 uw 2 Aanbl KuHeTHYeCKHE 
KpHBbIe NOAMMepHsalluu €-KamposakTama C oOaBrennem 1,0 Bec. °/o aKTn- 
baTopa BOB MW MaCJIAHOH uM POCHOPHOH KHCJOT B PasJIMYHbIX KOHMeCHTpa- 
uuax. Ha o60uX pHCyHKaX JA CpaBHeHHA HaHeCeHbI KpuBble NOMMMepH- 
lalluM ¢-KanpoaaKktTama c moOapaenvem | Bec. °/, BOB, HO 6e3 NOOaBeHHs 
kucaoTH (Kpupple 5 wa puc. 1 uw 2). B TaOa. 1 mpuBemeHbl YHCOBbIC 


i|LAHHDbIC. 


| R - 
| * Metoguka paOorTbl M pe3yibTaTbl UCCAeAOBaHHA KHHETHKK MOJMMepHsalnu Kallpo 


aro 
vakTaMa B IIpHCYTCTBHH BOM OyOAMKOBAaHbI paHee (*~*). 
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PaccmotTpeHue OMbITHDIX JAHHbIX MPHBOAUMT K CJC AYIOWMM 3aKJIOUC- 
HUAM. | 


1) B orcytTeTBue BOAbI, MaKe Np MOOaBACHHU KUCAIOTHI B 3HAYHTeJIb- 
HbIX KOHIMeHTpaluax (cm. pue. 1, 6), peakuua mpoTeKaeT KpaHne Med- 
JIGHHO. 


2) IIpucyTcTBHe KHCAOTH NpH OMHOBpeMeCHHOM HaJIM4YHH BOI YMeCHb4 


100 


Ckopociis 


0 74 4 6 8 0 vac 


Puc. 2. Kunetuka nowuMepH3alun €-KalpOJakTaMa 

¢ 1,0 Bec. % BObI HM pa3H4HbIM KOJIMUCCTBOM 

@ochopuon KucsoTE: 1—O0,51 Bec. % (231,5°); 

2—0,27 Bec. % (231,5°); 3—O0,12 Bec. % 

(231,5°); 4— 0,51 “Bec. % (210,05 5-09, 
(234052) 


iaeT NepHOA WHAYKUMM HW OOMLYIO AAMTebHOCTD peaKkIHH. 


3) MakcuMasbHad# CKOPOCTb peaKIMH B MpuCyTCTBHUM KUCJOTHI pesKke 


YBEJMUMBaeTCH WM MocTHraeTCA NpH rayOuHax mMpespamjenua 25—30°/, 
(B oTaM4He oT 42°/) B peakIMAX 6€3 KMCJOTHI). 


TaOauna | 
ay , S Munzyk- Bpema j0- | 
Bora, Macusin. Pocopx. [-pa rvMoHuBn | crHKeHRA Makcum. | °/) noguMe- \[]ponomKu | 

KUuCJIOTAa, KHCIOTA, nepHoy, MaKCUM. CKOPOCTh, | pusalnu B 

Bec 9%, Bec. Jy ECCuG Bo G MMH. ckopocru | You. €4./P “| MakcMMyMe| peak mw 

0 4,43 oles 24 30 M 13 Haomopenne Be noc! 
20 vac. Peaknnsa nd 

3aKOHYeHa 

0,93 0,1 3 234 ,5 40 |34.20m.) 77 42,6 Ada. 

1,01 1,56 234,5 0% ait 100 143 25,7 | (40 

1,01 1,56 210,0 24. 14. 55 66 28,4 [43 

1,01 3,16 a 210,0 4 \t 08 78 25,5 dS 

1,04 a Oe Apoaiies 10 [4 04 120 DS Taso 

1,08 pa 0,27) W831 5 10 40m.| 149 2207 No 

1,02 — 0,54 PASE) i) 32 184 25,0 64. 30M 

1,04 - 0,51 210,0 10 1 4. 04 M. 68 PALA HE MOE 


Sl 


* 1 yeu. ej. papua ckopoctu 1,13-10-® Mowb/cek. 


Hexossi M43 TOrO, 4YTO B OTCYTCTBHE BOAbI KHCJOTbI He KaTaIM3hp yo" 
29TOM peaKUMuH, CCTCCTBEHHO TIPeCANONOMUTh, YTO KaTaIW3s KUCAMOTON ooy 
CHOBJC€H B MaHHOM CJIyudae JeEHCTBHEM Ha Wpouwece THApowu3a y 
HOHA THILPOKCOHHA, oOpasyromeroca MPH AUCCOMUMAILHWM KUCIOTHI NO VPaB 


) 


JaKTaMe 


HeHu10: ACH+H,O @Ac + Hs O, rae ACH—mouwexyaa, a Ac — annon 


KUCJIOTHI. 


YuNTbIBAad STOT MpOWecc, NPHHATYIO Hamu paHee CXemMy peakiMH Nosu- 


‘MepH3allHH €-KallpowaktTama (*) MOMKHO Wd CyYaAN OMHOBPeMeHHOFO Hawu- 


UMA BOJbI WH KMCJOTHI 3anucaTb TaK *: 
1) B + 2H,0 “3 AH + H,0; 5) AHL P+ HO“ P +210; 
2); AH -~H,O = Baa: 6) AH+B-+H,0 — 2AH; 
3) cig eas 7) PeEBeLO- pane 


! Rk 
ee PL BeaHOl--sp <2 10.4 8) Hl O=0 0-H Orem 
IIpopoyns KHHCTHUCCKHH aHaltu3s ITOH CXeCMbI H VUUTbHIBAH ae npu- 


HATHIC Womymenusa (3), uMeem: 


k, (P) (B) + &, (Hg O) (B) 


(AH) = a 


OcHOBbIBaHCb Ha TOM, 4UTO TIPHCYTCTBHeC KUCJOTbI OKa3bIBaeT Ha peaKk- 
WHIO MOJHMECpv3alHun €-KallpOJlaKTaMa CHUIbHOC KaTaIMTHYeCKOe mevctTsue, 


MOXKHO MosoKUT, uTO ky (HzO) (B) => &, (P) (B) 


Torna 
d(P) _ &y-&, (Hg O) (B) 
ai Ee (1) 


Ypapuenue (1) NpHBOAWT K yPaBHEeHHIO JIA CKOPOCTH peaKI,MH BH /a: 


ieee tales eee +0)" (HO) (B) VB) — (2) 


kik3k, 
O6o3Hauan y/ bass Bae = A, W CUNTaH, MCXORA 43 OOMMX NpescraBase- 
2 


HH OO HOHHOM paBHoBecuy, (Hz O) nponopnuonamnot Y(AcH), no- 
JTyuuM: 


4 a CoP ee 
w = — £6) — A, V(AcH) (B) VB? — 8), (3) 


Prae A; = A; (H,O) “ 


TaoOanuna 2 


crn e v/ 4 
Boew nc | 2° | ncaoes | Rommepas] Menoms, | creeps 9 —s= | Ort 

Bec. “Ip Tb C, Bec. %/, | PeakuHu w Th Cy/Cy CO W/W 
210,0 1,0 Macuisu. a ae He 2,02 1,19 118 
2345 1,0 » . ret ae 15,6 1,99 1,86 
234 ,5 1,0 | Sochopx. ne we 1,90 1,17 4,24 
mip) 1,0 » PP on 4.25 1,43 1,50 
231,5 1,0 > A ve on 2,25 4 , 23 1,24 


* TIpuHATbe B CXeMe OOo3Ha4eHHA: B— MOueKyJa KallpoJiaktaMa, lal -MouleK ya 
@-aMHHOKaNpoHOBOM KuCcJoTHI; P — MoneKYa MONMMepa IPH MOGOM HCC SBEHbEB, 60JIb- 
meM, vem 2. 
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H3 ypaBHenua (3) BbITeKaloT Ba CJCACTBHA: 

1) B npucyTcrBHH KMCOTHI MaKCHMYM CKOpOCTH peakUMH NOJMMepH- 
3a KanposakTamMa ovoKeH HaOsoZaTbcA mpH 30°/) NpeBpalleHuA HCXOA~ 
HOrO JakTamMa. STOT BLIBO, Kak BUAHO u3TadOs. 1, ONH3KO COOTBETCTBYeTI 
ONbITHBIM J@HHBIM. 

2) MakcuMadbHad CKOpOCTb peaKIMH Np MPOYHX PaBHbIX YCOBMAX 
LODKHA ObITh IPONOPUMOHAbHa KOPHIO YeTBEPTOH CTeNeHH M3 KOHIeHTpa~ 

uuH KucsoTH.  CoorTrBercTBve 9TOFO) 
f 7 BBIBOLa ONbITHBIM aHHbIM BHAHO U3) 
TaOvle 2. 

Hakone, UpOMHTerpHpOBaB ypaBHe- 
Hue (3) B mpemenax oT (B,) go (B) ut 
ot t’ no ¢t, rme (B,)=a(Bo), mpu4uemi 
a Oau3sKo x 1, a ¢’/—Bpema, Korat 
(B) = (B,), MO#xHO NoOyuNTbh ypaBHe- 
HWe, W383 KOTOpOrO caemyeT, TO ONbIT- 
Hble JaHHble, OyAyIH OTJOKeHbI Bi 
g 40 , 60 120 man. KOOpHHAaTAaXx } 


= 


Te ACTA 
Puc. 3. J — e-Kanponaktam’ + 14,0 1+V1 (B)" / (Bo) 4 (¢ = ap 
Bec. % BORE + 1,56 Bec. % MacAHOH {VASA (ByABSt 
ncnonia (S23 msOWi, v= 


=20 muu.); 2—e-KamponaKktam + 1,0 
Bec. % Boner +0,1 Bec. % MacaaHoi  AOVIKHbI YyKWabIBaTbCAH Ha MNPAMYto} 


KM CIO T bin (i120 lO — 0, OO .mae ULL ELAIEO), 

= 100 mun.) Ha pue. 3 npuBemeHbl Ba NpuMe- 

pa COOTBeETCTBHA MeXLY ITHM BBIBO- 

OM HM ONDITHKIMA WaHHbIMU. Kak BUuHO M3 PHCYHKa, ONBITHHIE nan ae 
XOPOUIO O%#xXaTCA Ha UpAMYy!O ZO rayOunbl npeppamlenun = 70°/o. 

TakuM OOpa30M, MOXKHO 3aKJNOUHTb, UTO NPMHATAaM HAMM CXeMa Peak 

WH BHOTHE YAOBJeCTBOPHTeCIbHO ONMCHIBA€T KaTaIMTHYeCKOe JCHCTBHE 

KHCJOT Ha Mpowecc NOMMMepH3allHN ¢-KalpomaKkTama. 


Mockosckuk TocydapcTBeHHbIH YHuBepcuTer Toctymus0 
um. M. B. JlomonocoBa 24) Xi 1953 
Bcecoro3ubld Hay4HO-HCCJleOBaTebCKHH 
MHCTHTYT HCKYCCTBeEHHOrO BOOKHA 
Vuctutyt xuMuyeckon du3nku 
Akajlemun Hayk CCCP 


LHMTHPOBAHHAS JIMNTEPATYPA 


*-C-MGKy patron, A.A. CT penwxecer Ee Mtcanapor ad hove 2KYPH., 
14, B. 3, 185 (1952), 2 C. M. Ckyparos, A. A. Ctpenmuxees u op., JAH, 86, 
a (104) (1952). *C. M. Cxypatos, B. B. Boespogckun u gp., JAH, 95, 
CO Jt). 


Jlokxaann Akagemun Hayr CCCP 
1954. Tom XCV, Ni 4 


PHSHTECKAA XHMHf 


®. ®. YEWKO wu H. WW. TABAT3E 


MESKMOJIEKYJIAPHOE BBAHMO]JEMCTBHE B BHHAPHOU 
CUCTEME BEH30JI — HHTPOBEH3OJ 


(ITpedcraeazeno axademukom A. H. ®pymkunoim 19 I 1954) 


Benv30.IbHOe KOJIbILO ABJIACTCA OCHOBHBIM PeryJIATOPOM JleHCTBHA BaxKHeH- 
WIHX OpraHHyecKHx BellecTB. Oxpacka, KaHILepOreHHOCTb, XHMHOTepallHa 3a- 
BUCAT OT COCTOAHHA OeH3O0JIbHOFO KOJIbILa B COCAHHEHHH. 

BeH30JIbHOe KOJIbILO 3AMeUATEJIbHO CBOCH H3MCHYMBOCTHI. 

B 6eH30JIbHOM KOUIbIe z-9JIEKTPOHbI MPHHaleKaT B PaBHOH Mepe IWIecTM 
ICHJIOBbIM AepHbIM WeHTpaM. B3saMMoselicTBHe STHX 3JIEKTPOHOB OUCHb HHTEH- 
cSHBHO — OHH MOJIHOCTbIO JeOKaJIn- 
(BOBaHbI. QJIeKTpOHHaA cHcTeMa OeH- 
BO0JIbHOrO KOJIblla MeTaJWIoMOq,OOHAa 
(1). Jlenokanu3o0BaHHble 2-9JICKTPO- 
Hbl MOTyYT HrpaTb pOJlb IJIEKTPOHOB 


| 


ir 


4000 3600 3200 2800 


Puc. 4 Puce. 2 
Puc. 1. 1—CcH_NO»: 2—0,8M C,HsNO.+ 0,2M CgHg; 3—0,7M CyHsNO,+0,3M CoH; 
4 —0,6M CoHNOg-+ 04M CoHe; 5—~ 0,5M CyH;NO,+0,5M CoHe; 6 —0,4M CoHsNOz+ 


C 
5 2 5 
0 0,6M'C,He, 7 —0,3M CoHgNO, + 0,7M Colle; 8 —0,2M CoHyNOz + 0,8M Cole; 
9—0,1M C,H ;NO.+ ; : 

4 —0,12M Cglie-.0,08M CeHgNOg: 5 — 0,10M CoH, +0, 10M CgHsNO2; 6—0,08M CoH, + 
1 40,13M CoHNOo; 7—0,L6M Cotte +0,14M CoHsNO,; 8 —0,04M CoHy + 0,16M CoH;NOz: 
9°. 6. 03Nf CgHe + 0,17M CcHgNOg; 10—0,01M CoH, +0,19M CoHsNOz; 

(ie CALNO, 


. 

|} 
| 
} 
qi 
} 
1 


‘mpopogumoctTH. J[MaMarHuTHas BOCIPHAMIABOCTS OeH380U1a aoa POS 
'B HallpaBJIeHHH, MepmeHuKyIApHOM K _ IIVIOCKOCTH Konbia (E|-0 1: : 
| 833 
' 
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|| 37-10%). Tlouapusyemoctb MovslekyJIbl 6eH30/la B  TWIOCKOCTH  KOUJIbLUé 
(123,1- 10-5) sHaunTesbHO 6oubule, YeEM B NMepMeHAMKyJIAPHOM HalipaBue? 
HHH (63,5-10°5). BexsouibHoe KOJIbIO MOMKeT PacCCMaTPHBaTbCA Kak cCBepx- 
MpOBOAHHK C 3€MKHYTbIM 3JICKTPOHHbIM TOKOM 10 ero MepuMertpy (?). Ilops- 
JLOK CHMMeTPHH, 3HAYeHHA Me?KATOMIbIX PaCCTOAHHIt H TeMIOT pa3spbiBa 
CBA3ell, OTCYTCTBHE JMMOJIbHOrO MOMeHTa TMOAKPeMJIAIOT STOT BbIBOLL. 
XOpolulo H3y4eHa H3MeCHYHBOCTH OcCH3OJIbHOrG 
KOJIbIa MO BJIMAHHEM CyHKUMOHAJIbHBIX Tpyiili! 
3aMElllalOllMX BOMOPOAHbIe ATOMBI B MOWIeKYJIC 
6eH301a. ONHAKO peaKIHH 3aMeLLeHHA B MOJICKy- 
Je O€H30N1a IpOXOAAT OOBIVHO B XKECTKHX yCJIO- 
BHAX, B KOTOPbIX pe3KO H HeO6paTHMO epopMH- 
pyIOTCH H SICKTPOHHas H AWepHan CHCTeMLi OeH- 
30JIbHOrO KOwIbila. [lepexoqHble COCTOAHHA HE Ha- 
6mroRaroTca. B MovlekyJle O€H30a HeT JIBOLMHBIN 
CBA3eH; B MOJI€KyJax erO MPpOH3BOMHBIX, KaK BHJ- 
HO 10 CHeKTpaM KOMOHHAaNMOHHOrO pacceneaHHa) 
OHH eCTb. | 
B 1950 r. Xommana u Jledesp OOH ap y2KHI4 
4YTO OeH3OU1, paCTBOPCHHbIM B HHTPOOeHB3OUIe, np 
| 
| 


ABIACT MMMOMbHDIM MoMeHT OT 1,2 no 2 D (8). 

Mobi TowBeprvid HeceOBaHvIo OHHApHy!o CK 
cTemMy O6eH30JI — HHTpO6eH3jOI MeTOZOM Pu3HKO 
XHMHYeCKOrO aHawv3a KypHakosa. Bpwia usyyeré 
3aBHCUMOCTb CUCKTPOB NOTIOWeHHA WH NOKasaTely 
IIPe@IOMMIeHHA CHCTeMBI OT ee cocTaBa. Ilo akc 
PHMCHTAJIbHbIM JaHHbIM CTPOWJIHCb KPMBbie CO 
cTaB — CBONCTBO. 

Bex30J1 OblJ1 CHHTeE3HPOBaH H OYHLIeH B COOT 
BeTCTBHH C efO CIeCKTpaJIbHOM XapakTepHCTHKO! 
(*). Hurpo6exu30/1, cHHTe3HpOBaHHbIli UW NeperHak 
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36 HbIM OObIUHLIM CnOco6oM, Bark Ib ner 
6 BOOM H3 pacTBOpa B KOHUCHTPHpOBaHHOH CepHor 
24 KHCJIOTe; XPpaHWJiCA OH B KBapleBOl CKJIAHKe. 

a CMecb XKHJKUX OeH30/la H HUTpOOeH307a Mpo- 


ABNAeCT CHIOMHGe MOTIOULeHHe c YETKON rpaynmel 

, Kpurepvem ero Obla BblOpada MHTeHCHRHOCT: 
gid JMHuH dX 4250 A (cm. puc. 1). Kpupasa coctasn — 

Puc. 3, ¢ = 16° lg e4950 A (cm. puc. 3, /) napaboumuHa, He uMee 
OCOGbIX TOUeK. | 

Yro6pl OOoHTH MaCKHpyIollee BJIMAHHE MOULHOPO CBETOMOPIOMNLeHHA HATPC 
OcH30J1a B KOHJ@HCHpOBaHHOH (base, Oblla MpOBepeHa 3aBHCHMOCTb MOKa3a: 
TeJIA TIPeIOMJICHHA TOM 2e cucTeMbI OT cocraBa. IloKa3aTeJlb MpeJIOMJICHHs 
usMepsuica pespakTometpom A66e. Kpusasx cocraB — noKa3aTeJlb IpeoMue 
Husa (cM. puc. 3, 3) uMeer oco6ylo ToUKy, B KOTOpOH OOuIMH Napabomnueckut 
XO, KPHBO MeHAeT 3HaK. OPO TOUKe MepexOa COOTBeETCTBYeT MOVJIAPHOt 
OTHOWeHHe OeCH301a H HUTPOGeH3OuNIa 2: 5. 

Cnekrporpadwyeckoe HCCIeqOBAaHHe CHCTeMbI G6eH30/1 — HUTPObeHsa, 
ObIJIO NOBTOPeHO B YCJIOBUAX, OJIM3KHX K raz00Opa3HbIM — B reKCaHOBOM pac 
rpope. Mcceqopanue pacTBOpoB jaeT IpeCTaBJIeHHe O M€XKMOJICKYJIAPHON 
B3aMMOMeHCTBHH, TaK Kak pacTBOpeHue BelllecTBa M ero COCTOAHMe B pacTBoO 
pe O6yCJIOBJICHO Me@XKMOJICKYJIAPHbIM B3aNMOseHCTBHeM. 

Tekcan OuMulaJICH OObIYHDIM [WIA CHeKTporpamuyeckux iWeJleli CMOCO6OM 
CyMMapHad KOHUCHTpallua cocTaBata 0,2 Mow/n. Toraomenue us6uparenb 
uo. KpurepveM OblJI IpHHAT MaKCHMyM Torsoulenua (cM. puc. 2). 

Kpupas cocraB —Ig emax: (CM. puc. 3, 2) O6pasyer peskuii HK B TOK 
MOJIAPHOrO OTHOMCHHA OeH30a U HHTpOGen30ua 2:5. Bue nuka u3mMenent 
JMU C1a60 OTKIOHAeTCH OT NPAMOJIMHEHHOCTH, 


Bio MOBTOpeHO HW H3MepeHHe MoKasarevia TpeOMJeHHA CHCTeMbI 6eH- 
30/1 — HHTpOOeH30J1 B reKcaHOBOM pacTBope. Kpusaa cocraB — moKa3aTeJIb 
‘TipeioMienua (puc. 3, 4) nogqo6Ha KpuBoit 3, or KoTOpolt ona oTwHuaeTcA 
‘MapaJVJIeIbHOCTbIO KOOpAHHaTe cocTtaBa. Ee oco6aa TouKa oOTBeYaeT TOMy xe 
MOJIAPHOMY OTHOUICHHIO OeH30Jla H HUTPOGeH30Ia 2:5, U3menerue cymmap- 
‘HOH KOHUCHTpalHu Kak OAHOTO U3 ycuIOBHUi paBHOBeCHA He H3MeHAeT MOIO*Ke- 
HHA OCOOOH TOUKH OTHOCHTeJIbHO KOOPAMHATHI cocTaBa. 

OOulHit XapakTep KPHBBIX CBHAeTeLCTBYeT 06 ONpesesIeHHOM MexKMosIe- 
KYJIAPHOM B3aHMOeHCTBHH OeH30la H HHTpOOeH30J/la, MpHBOAALeM K M0- 
/CTOAHHBIM CTEXHOMETPHYeCKHM OTHOWeHHAM 2:5 Mexy HUMM B pacTBopax. 
O6pas0BaHHe onpeseseHHoro KOMIIeKca 2CsgHg - 5CsH;NO», moxKHO mpeacra- 
.BHTb KaK MOJIAPH3aNHIO H OPHeCHTHPOBaHHe GO€H30JIbHbIX MOJIEKYJI B CHJIOBOM 
/MOJe LHMOJIbHBIX MOJIeKYJI HHTPO6eH301a C NOHO WIM YaCTHYHO KOMIeHCa- 
Hel THMOJIbHOrTO MOMeHTa. OpNeHTHpOBaHHbIMH CJleLyeT CUHTATb MOJICKYJIbI, 
oOpasylollve OCbIO AMMONIA C HalpaBJICHHeM CHJOBOPO MOVJIeKyJApPHOrO MOWIA 
yroJl, 61M3KHH K HyJItO. 

Ha6soteHud OeH30J1a B NOJAPH3yIOWHX pacTBOPHTeJAX alOT BO3MOxXK- 
-HOCTb HCCJIEMOBAHHA OOpaTHUMOH H3MCHYMBOCTH TOJIbKO JJIeCKTPOHHOM CHCTeMbI 
6eH30JIbHOTO KOJbIa WO MATKHM BOsIelcCTBHeM CpesbI — pacTBopuTeus. 
Bex30/IbHad MOJIeKyJla, MOJApH3yacb B pacTBOpe, MepexOAHT BO BHOUHE 
HaOsOMaeMoe COCTOAHHe POTOBHOCTH K OOpa30BaHHIO KOBAJICHTHOM CBHA3H. 
OrjeluB paCTBOpHTeIb H 3aMeCHHB ero JPYrHM, MOXKHO WesleycTpemMJIeHHo 
‘U3MeCHATb COCTOAHHe OCH30JIbHOPO KOJIbIla H peryJIHpOBaTb OTTeHKH ero 
CBOHCTB. 


XapbKOBCKHH MOAMTEXHHYECKHH MHCTHTYT Ilocrynuao 
um. B. WM. Jlesuna 20 X 1953 


LIHVTHPOBAHHAS JIATEPATYPA 


ADS [inet gin Ass ie Winey, Be TO) (GIG Ale 18h, Ie @uisicorumreir 
Ilpo6sembl u3suyeckoH ontuKu, 1951, ctp. 119. *H. G. Holland, R. J. W. Le 
iFévre, J. Chem. Soc., 2166 (1950). 4. ®. Yemxko, KX, 27, 157 (1953). 
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flornagn Ankagemun Hayr CCCP 
1954. Tom XCV, Ni 4 


BHOXHMHA 


3. C. TEPIUNEHOBHY u A, A. KPHYEBCKASA 


AMMHAK H PIYTAMHH MO3PA TPH MOBbBILIEHHOM JLABJIEHHH 
KHCJIOPOJIA 


(ITpedcraezeno axademuxom A. JI. Cnepauckum 4 II 1954) 


Pa6oramu copetcKnx cbusvoviorop (IIpuksanzosuukult, Mpanos u mp.) yc- 
TaHOBJIeHO, YTO BEIM B CHMIMTOMOKOMIWIeKce KMCJIOPOAHOrTO OTpaBseHHA 
ABIAIOTCA HAPyIeHHA CO CTOPOHHI WeHTPaJIbHOM HePBHOM CHCTeMbI UH B Mep- 
By!0 OYepeb KOPbI rosOBHOrO Mosra. HanOoulee TAKeIbIM BUAUMBIM TIpOsB- 
JIGHHEM KHCJIOPOAHOPO OTPaBJCHHA ABJIAIOTCA CYMOPOTH, HaCTyMalollve y %KH- 
BOTHOrO OCJIe HeKOTOporo MepHowa GecnoKolcTBa. CKopocTb HacTyMleHHa 
CyMOpor HW UX NPOMOJMKUTeJbHOCTb 3aBHCAT OT BEJIMUMHEI MaBJIeHHA KUCIOpoNa 
H HHIHBULYyaJIbHbIX OCOOeHHOCTeH 2KHBOTHOrO. Cyoporu CMeCHAIOTCA Tak Ha- 
3bIBaeMBIM «KTEPMHHAJIbHbIM» COCTOAHHEM, NOCIe KOTOPOTO OObIYHO 2KHBOTHOe 
moru6aev. 

BecnokowHoe COCTOAHHe HM CYROpOru CBA3ZaHbI C BOS6y2XMeHHeM ILeHTPaJIb- 
HOH HepBHOH CHCTeMBI. BlaqHMHpOBOH MoKa3aHoO, YTO Ip BO3OyKAeCHHN KOPbI 
roJOBHOrTO MO3ra KOJIHYeCTBO AMMMaKa B HeM ysBeJMuMBaeTCH. CBoooqubli 
aMMHaK BeCbMa AMOBUT MH, Kak ObIIO BepBble ycTraHoBJeHO IlaBsoBbIm u 
HenukuM, IpHBo_UT K ru6emu wuBOTHOTO. AMMMaK B MOSsry O6e3Bpe*KUBAaeT- 
CH pH B3aMMOelCTBHM C TJIYTaMHMHOBOH KHCJIOTON ¢c OOpas0BaHveM IvlyTa- 
MuHa. PeakuuaA 9Ta 9HeprMueckad WM MpoTeKaeT C HCNOJb3OBaHHeEM 3HeprHu 
aleHO3HUTpHochopHorw KucmoTHI (!7, 18, 15), : 

M3 mo3ra W MeveHH XKMBOTHBIX BbifeseHa PepMeHTaTHBHAA CHCTeMa, Ka- 
TaJIM3Upylolulad CHHTe3 TJIyTaMMHa H3 TIyTaMMHOBOH KHCJIOTHI MH aMMHakKa. 
@MepMeuT aKTHBUpyeTCA WHCTeHHOM H MOHAMM MAarHHA HW UMHAKTUBUpyercs 
(ropuyzom. Obulaa cxeMa 3TOrO CHHTe3a NpeAcTaBJAeTCA CueMyIOUMM OOpa- 
30M: 

Tyramunosaa Kucmora + NH; -+ AT® > rayramun + AJ® + H3POs,. 

Mexanu3M Hcnoub30BaHua 9Hepruu AT® B 9To peakiHu TOUHO He ycTa- 
noBuleH. IIpenmonmaratwt, uro docdatHaa rpynna AT® u Kap6oKcuy rayta- 
MHMHOBOM KHCJIOTHI OOpa3zyloT rayTamuadocdar. Tlocnequnit O6OMenHuBaeT OC- 
TaTOK (OcopHOH KUCJIOTHI Ha AMMMAK C OOpa3s0BaHHeM lyTaMHHa HM MO.Je- 
KYJIbI (OCOPHOH KHCJIOTHI. 

B npedbiqymux Hallux UCCIeMOBAaHHAX MOKasaHbl rlyOokHe HapylleHHA B 
TCYCHHH XMMHYECKHX MpOWeccOB B MOSTY IIpH MeMCTBHM MOBHIMeHHOTO MaBJe- 
Hua KucMopona. Mbt Ha6wofalM MOCTelMeHHOe, TO Mepe Pa3sBUTHA KHCJOPOL- 
HOrO OTPaBJIeHHA, NaeHve TKaHeBOrO AbIXaHua MOsra. B MepByto oOyepeyb 
pW 3TOM MopaxkaloTca WMaHpesHcTeHTHble AbIXaTeNbuble cucTeMbI. HecmortpsA 
Ha TOPMOXeHHe MbXaHHA, YMeHbIaeTCA H MHTeHCHBHOCTD raiuKosusa. Hapy- 
WWalOTCA MpeBpalleHHA ACKOPOHHOBOH KHCJIOTHI, apeHasMHa, THAMMHAa WH HeKO- 
TOPIX POCHopHBIX cOeqHHeEHHH. EcrecTBeHHo OblIO MpeANOMOAKUTb, YTO CBA- 
3bIBaHHe WH OCBOOOX%KMeHHe aMMMaKA Tak2Ke U3BpalllaeTca B pesybTaTe 06- 
imei MHCPyHKUMH OOMeHHEIX MpOMeccoB Mosra. 
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Hactosulee HCceOBaHHe NPeAMPHHATO C WeJIbIO H3YYHTb AHHAMHKy o6pa- 
30BaHHA AMMHaKa B MOSry Ha pa3HbIxX CTaMAX KHCJOPOAHOrO OTPaBJICHHA H 
COCTOAHHe MeXaHH3MOB, erO CBASbIBAIOIIMX. 

Merogauka HCCC ROBAHHA. ONBITH! CTABHJIMCb Ha OeJIbIX KPbICaXx 
Becom B 250—350 r. JKMBOTHDIX JeJIMJIH Ha Be PpyMbl: OMA CJy*KHIa KOH- 
TpOJeM, Apyrasd MoABepraslacb WelCTBHIO YHCTOTO KHCJIOpOAa MpH AaBsenun 4 
a 6 aTM. B ZBYX cepHax onpIToB. McculeqoBaHuaA NPOBORMINCbh B KOHIe ped- 
cyOpoxKHoro MW CYLOpOKHOrO MepHOOB. 

TloppilenHoe jlaBsIeHHe KHCJIOpOqa cosfqaBasloch B CHelWasIbHOK Oapo- 
KaMepe, MepeqHAA CTeHKa KOTOPOH Oblla H3rOTOBJIeHa M3 MwleKcuriaca, 4TO 
MOSBOJIAIO HaOJIOLaTb 8a COCTOAHHEM XKMBOTHOTO B XOe ONbITa. OOpasyto- 
lHeCH B KaMepe yrieKHCIOTa HM BOAAHbIe Mapbl MOTMOWAIHCb LUleJIOUHbIM 

nersmoTutesteM. Ilo OKOHYaHHH 9KC- 


Se ES MO3HUMH 2%KHBOTHOC H3BJIeKaJIOCb HS 
£8 a 3 OapoKaMepbl HU OOe3TvIaBJIMBaJOCb. 
RS) o i=! o> 
as pie SaMOpOXeHHbI B KHAKOM BO3SAyXe 
= | 
Ss aaa )©=SC MOST «~PACTHPAaJIcA B CTyNKe uM OTIpe- | 
CON Oe moe mesieHHadt HaBecKa ero IKCTPAarHpo- | 
a el ie adh 2 Sos al Banach 0,5 N HCl. B 6e36erKoBom 
Puc. 14. Ammuak Mosra mpu jelcrBun 4 aT. ICHTpHpyrate ONpeeJAMCb AMMH- | 
KUcsOpoma ak, TslyTaMHHOBand KHCIOTa HM ly- 


TaMHH. AMMMak orlpeesJIcit MH- 
KpoAu(ySHOHHbIM MeTowOM Kousest. IutyraMHHOBy!O KHCJIOTy HM TlyTaMHH 
OnpemelAdIU JeKapOoKcwa3HbIM MeTOZOM B ammapate BapOypra (Meron 
Kpe6c B MoguduKkanunu Jlaycouna (°)). PepMenTaTHBHbI MpelapaT MeKap- 
OOKCHa3bI PIyTaMMHOl KHCJIOTHI MosyyaM U3 CyTOUHON KysbTypbl Clo- 
stridium Welchii SR 12 mo merony Mapyaimtena (°). [nyramun onpemeasu 
B 1mpo6e nocwe WeKapOOKCHJIMpOBaHHA NO aMMHaKY, BbITeCHCHHOMY H3 aMHJL- 
HOW Ppyniiipl. | 

Pe3syabTaThn uccaeqoBaHuHa. IIpe6piBanue *uBOTHOrO B AaTMO- 
cepe MOBbIMeHHOrO LaBJeHUA KMCMOPOAa MPHBOAMT K HaKOIJIeHHIO AaMMMaKa 
B TKaHH rouoBHoro mMosra. Ha puc. | NpABeweHbI BEJIMUMHbI COMepxKAaHHA aM- 
MHaka B MOSry B «OecCyAOPOXKHbIN> HU KCYLOPOXRKALIN> MepHORb! KUCMOpORHOL 
HHTOKCHKAalHH pH WeHcTBHH 4 aTM. KuCJOpoNa. | 

IIpu qeticTBun KHCOpofza Mok WaBsieHHem B 4 aTM. cyqoporu HacTyMa1oT 
o6pi4uHo yepe3 135 MuH. OT HavaJa BOSZeicTBHA KucCMOpomza. B Teyeune mMep- 
BbIX 2 Yac., MOCIe KOPOTKOrO TlepHOda BOS6YKACHHA, AIAleroca OKOMO 10— 
20 MHH., 2KHBOTHbI€ CHOKOHHO CHAAT B KaMepe. CocTosHHe HX TpH 9sTOM 
MO?KHO Ha3BaTb APeMOTHBIM. YxKe B ITOM «OeccCyOPpOKHOM» MepvoRe KOJIN- 
4YeCTBO AMMHaKa B MOSry CHJIbHO BOospactaeT. JaJIbHelilliee yBesH¥ueHHe aM- 
MHaka 3aperHCTpHpOBaHO HaMH JIMIIb B OTACJIbHbIX CJyYadx Cyopoxuoro 
nepHoga (onbirpt NeNe 7 u 12). 

HaxkonlenHe aMMHaKa B MOSry, Kak CJlefyeT H3 HallMX OMbITOB, He AB- 
JIACTCA CJMHCTBCHHOM IPHYHHOH CyOpOx*KHDIx mpucrynos. Vs pue. | Buyno, 
uTO JIHIb B ABYX CJlY4aAX Y %XHBOTHBIX, HCCJICMOBAHHbIX B COCTOAHHU TA2Ke- 
JIbIX CYMOPOXKHBIX IIPHNaKOB, cosepyKaHHe AaMMHMaKa MpeBbilllaer ero KOVJIH- 
YeCTBO B OeccyfopoxKHOM Mepvoge. Bce xe BO BCeX CJYYaAX, He3aBHCHMO OT 
COCTOAHHA XHMBOTHOPO, KOJIMYeCTBO AMMHaKa BO MHOFO pa3 IIpeBbllllaeT BeJIN- 
WHHBI, YCTAHOBJICHHbIe Mi HOPMbI. OrcyrcTBue MpAMOM CBA3H Me?KLy KOH- 
WeHTpallweH AMMHaKa B MOSry UM CyoOporaMH OCOGeHHO XOpoLo To,TBepx- 
MaeTCA CepHeH OMBITOB, B KOTOPHIX KHCJIOPOL MpHMeHAJICA MPH LaBJIeHHH B 
6 arm. Kak M3BeCTHO, IPH 3TOM JaBJeHHH yxKe yepes 15—20 mun. Hacrynaior 
MOUTH OeclIpepbIBHbIe CyOPORKHbIe MPACTYNb, 3aKAaHYHBaIOIMecaA yepes 30— 
40 MMH. TeEPpMMHAaJIbHbIM cocTosHuem. IIpekpaulenHe Bosfelicraua KUCIO- 
powHOro WaBJIcCHHA He Mpekpallaer MpucTynoB cymopor. CusbHble ToHHUe- 
CKHe H KJIOHHYeCKHe CYOporH HHOra NpomosKaIoTcaA u TocNe H3BUIeCUeHHA 
»KMBOTHOPO U3 KaMepbI. 

OfHako, HECMOTPA Ha TAKEO COCTOAHHE YAHBOTHHIX, KOHIMCHTPAauHA aM- 
838 


Miaka B MOSTy Y HHX B pasrap TaxKeJIOrO CYLOPORHOLO COCTOAHUA HeCKOJbKO 
HWKe, YeM Y «<GeCCyAOpOX*KHBIX» IPH AaBseHHH KUCMOpoza B 4 aTM. (cpemHee 
15,8 mr%). HW anum 8 repmunabHoM, T. e. TH2KEIOM arOHaJIbHOM, ‘COCTOAHHK 
OTMeyaeTCaA B CpeyHeM 24,9 mr% ammMuaka B Mosry. AMMHaK B MO3ry OOpa- 
3yeTCH, PaBHbIM OOpasoM, Ip AesaMHHAPOBaHMU aeHuOBO KUCMOTHI (13) 
M A€3AMHHMPOBAaHHH riyramuua (°, ©). B Mosry uccJleqoBaHHbIX HaMH KPbIC 
B HOpMe coyepxKutca oT 44,2 no 152 mr% rayramuna 

JMTeMbHOe BO3TEHCTBHE MOBBIILeHHOFO WaBJleHuA KuCOpoma (4 at.) 
NPHBOAMT K NOJIHOMY HC¥Ye3HOBeHHIO PIyYTaMHHa H3 TKAHH FOJIOBHOTO MO3ra 
(cm. puc. 2). UcuesHopenne rayramuna MIpeiliecTByeT HaCTyIJIeHHIO CyO- 
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Puc. 2. TayramMuyH Mosra mp no- Puc. 3. OOnlMH amMMuak Mo3ra 
BbIMeCHHOM JaBIeHHH KUCTOpOra IIpH MOBBIMICHHOM aBJGHHH KUC- 
opoya 


por. Brictpoe pa3sBuTHe KHCJIOPOAHOM HHTOKCHKaWMH pH WaBseHHH B 6 aTM. 
CBepX OMKHJaHHA He MpHBOAMT K HCYeSHOBeHHIO TlyTamuHa. Konmentpanus 
ero B 9TOH CepHM OMbITOB Wake MpeBblllaer cpeqHHe BeHYHHbI Y KOHTPOJIb- 
-HBIX 2XHBOTHEIX. 

[ayrTaMHH MOXHO pacCMaTpHBaTb KaK WCTOUHHK CBA3aHHOrTO aMMMHaka. 
Iipu Oojpumux pa3iMuHAx B cOfepxaHHH CBOOOMHOrTO aMMuaKa B HOpMe 
MH pH eHcTBHH KUHCJIOpOfa H3MeHeHHA B KOJIMYeCTBeE OOMLerO amM- 
“MHaka (aMHAHbIM a30T MlyTaMHHa + a30T CBOOGOAHOrO aMMHaKa) MeHee BBI- 
paxeuHbl. B HopMe KomHUeCTBO CBOGOAHOFO aM- 
MHaka BecbMa HeBeHKO. Muorue aptoppi ( (!%) ; 
“HW Up.) MOuaraioT, YTO CBOOOZHHI aMMMaK, 0O- wes 93 
Hapy2KCHHbIM B HOPMe, ABJIAeCTCA apTeakTOM. wm 
tlpuH melticrpuu 4 aTM. KHCOposqa BeCcb aMMHaK 
-HAXOMMTCA B CBOOOJHOM COCTOAHHH (CM. ap 
puc. 3). 

UccneqornaHuaA cofepxkaHHv aMMHaKa B 
MOSry NpH cyoporax, BbISBaHHbIX 93JIeKTPOTO- 
KOM H IIPHMCHe€HHeM BDBISbIBAaIOWMX CyAOpPOrH 
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JI@KAPCTBEHHBIX Wpenapatos (('') mu Ap.), mo- eae 

Ka3aJIH, TO B MOSry H B CIHHHO-MOSrOBOU *AKUI- S ES as <8 SS 
A) 

KOCTH MOABJIH€TCA MHOrO CBOOOAHOrO aMMHaka. & g 88 ge 88 


EXuHCTBeHHBIM HCTOUHHKOM ero aBTOpbl CUMTA- 

oT rayramun. Hamm uccaeqopanusa ne nospoma- Puc. 4, Taytamanosas BUEGOT 
OT pacnpocTpaHuTb 9TO MOMo%KeHHe Ha KHCO- MOA Re cionona: oak 
“pomHple cynopru. Mbt o6napyxxHaM mo/HOe 

/HCUe3HOBeCHHe PIyTaMHHAa HM MHOTO cCBOOOZHOrO 

aMMHaka B OeCCyJOPOXKHbIi NepHogw u, HaOOOpoT, Mp OpicCTpO pasBKBalo- 
Welch HHTOKCHKaWMH C CHIbHBIMM CYOPOXKHbIMH MpucTyNamMH B MOSTy He 
OTMe4eHO e3AMHHUPOBaHHA BCero TJIyTaMHHA; B 9TOM COCTOAHHH OOHApyxXell 
KaK CBOOOLHbIitT AMMHAaK, TaK H AMMHAK, CBA3AHHbI B Bue MlyTaMHna. 


Vs puc. 3 BUAHO, UTO MIyTaMHH He ABJIACTCA CAHHCTBCHHBIM HCTOUHHKON 
aMMuaka. Uem pblllle HCXOMHOe WaBeHHe KHCIOpota, TEM Ooble CBOOOR| 
Horo aMMMaka. B nacTosiilee BPCMA MbI 3ATPYMHACMCA OXAPAKTePH3OBAaTb erd 
MpOucxoxkAeHHe. BosMOXKHOCTH yBeJMYeHHA COMep7KaNHA AMMMAKA BCMEACTBUC 
AeC3AMHHMPOBAHHA afeHHJIOBOH KUHCJIOTHI BbISbIBaeT Yy Hac COMHeHHA! 
3.1. Bponosunkas B Haliel sa6opaTopun MpH TaKeON PopMe KNCOPOAHOH 
HHTOKCHKAIMH He TOJbKO He Halla yMeHbIleHua KomMuecTBa AT® B Mosry) 
a OOHapyxKHa jlaxke HeKoTOpoe yBeMueHHe ee. IlocmemHee He COBMeCTHMC 
c mpeycraBseHvem o ResamuHupoBanun ATO. 

J\vHaMuka cOepxKaHHaA MIyYTAaMHHOBOH KHCJIOTbI B MO3ry Mp pasJIHUHb> 
MaBeHHAX KUCOpOMa TakxKe OKasallacb sacJyx*KABaIOlleH BHAMAaHHs! 
(cm. puc. 4). C yBesuueHvem rIlyOHHbI NopaxXeHHA BO3pAaCTaeT HM KOJIMYeCTBC 
cBOOOAHOH PIyTaMHHOBOM KHCJIOTHI B MO3ry. OcOOeHHO BeJIMKO ee ComeprKal 
Hue IIpH TePMHHAJIbHOM COCTOAHHH ocJe BO3qelHCTBUS! 6 aTM.* KMCJIOpONal 
B mpemcyqopoxKHom repvoge mpu 4 aTM. cosep2kanve ce MpHOMMxKaeTca H 
HOpMe, J1H60 jlaxKe HeCKOJIbKO HuxKe HOpMbI. B nocmemxyioureM cyOpoxkKHOM 
MlepHOe KOJIMYECTBO ee pe3KO BOspacTae’T. 

B mponecce xuMHYeCKOi MHHAMMKH MO38Ia TIYTaMMHOBaA KHCIOTa 3aHy| 
MaeT oco6oe momomwKeHHe ((!4) u ap.). MoOusmm3auHI0 rlyTaMHHOBOH KMCJOT: 
MOXKHO paCCMaTpHBaTb Kak SABJeHHe KOMMeHCaTopHoe. Haiumu pe 
UMMM MCCJIeqOBaHWAMM (*) YCTaHOBJeHa AKTHBaWMA TKaHeBOrO JbIXaHHss 
MO3ra M CMATueHHe OOWIAX ABJICHHH MHTOKCHKaLMH Mocwe NpelBapHTesbHOrG 
BBeMCHHA 2KHBOTHBIM TIyYTaMHHOBOH KHCJIOTHI. Bompoc 0 TOM, BO3HHKaeT Jiv 
rutyTaMHHOBaA IKHCJIOTa HenocpekcTBeHHO B MOS3ry, MIpHHOCHTCH JH OHd 
KPOBbIO, WIM OHA He HCHOJb3yeTCA B pesyJIbTaTe MOTepH AKTHBHOCTH cre} 
WUMPHYeECKOH OKCHAA3bI, OyeT MpeAMeTOM HalIHX aJIbHeHIUHX UCCJIeAOBaHHY 


BHOJOrHYeCKHH WHCTHTYT Tloctynui0 
npu PocToBCKOM rocydapcTBeHHOM YHHBepcuTerTe 12 XI, 1953 
uM. B. M. Monorosa 
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BHOXHMH#A 


B. b. EBCTHTHEEB uw B. A. TABPHJIOBA 


O NEPBUYHOM CTAXLUUW ®OTOBOCCTAHOBJIEHHA XJIOPO®HIIA 
(Tpedcrasaeno akademuxom A. H. Tepenunoim 22 I 1954) 


B MpeAbiLy Wem coodmlenuH (!) ObI MpHBeeH SKCHepHMeHTAaJIbHbI MaTe- 
pHa, LaroulHH OCHOBaHHe K MpeANOMO*KeHuIO, YTO MpH oToBoccTaHOBJeHHH 
MMPHMHOBHIX PaCTBOPOB XJOPOMHa H POACTBEHHBIX eMy COeMHeHUI, O6Ha- 
Ppy2xeHHOM B padotax A. A. KpacHosexoro (2), cHauana NosBaAeTCA mep- 
BUWHaA, BECbMa aOUJIbHad BOCCTAHOBJCHHad PopMa XMOPOMusWa, BIMAIOUIAA 
Ha NOTeCHWHas MHepTHOTO MeTaJIMM4eCKOTO SeKTPOMa, a MOABMeHHe KpacHoli 
BOCCTAHOBJIeHHOH (POPMbI € MAKCHMYMOM TlorsolleHua mpH 525 mp saBsanetca 
yxxe BTOPHUYHbIM TeEMHOBBIM TporeccoM. C wesbio NpoBepKH MpaBusIbHOCTH 
MOMOOHOTO TIpeAMONOKeHUA ObI MPOBeeH PAN OMBITOB, Pe3yJIbTaTHI KOTOPHIX 
H3uaraioTca B aHHOM COOGLLeHuN. 

Jia Toro uTOObI OKOHYATEJIbHO YOCMUTHCA, UTO MOHMKEeHHe MOTeHIIMaNTa 
MJaTHHOBOFO HIM 3OsOTOO SeKTPOMa, ONYULeHHOrO B NHPHAHHOBbI pacTBop 
MMrMeHTa, COMepKalllMM BOCCTAHOBHTeb, IPH OCBeLLeHHU WH OOpaTHoe MOBHI- 
WleHve erO B TEMHOTEe He ABJIACTCA Pe3yJbTATOM TOJIbKO POTOMpoOreccos, uLy- 
WIMX Ha (a30BoH rpanule seKTpOA — cpefa, a 3aBHCHT OT OOpasoBaHHA 
QJIEKTPOHO-aKTHBHOW BOCCTAHOBJIeEHHOK COpMbI MHrMeHTa BO BCel Tove 
pacTBopa, OblJI MpoBeeH CJCLYIOULH OMIT: B IICKTPOAHEI COCyA, MOAO6HEITi 
OMMCaHHOMY B IIpesbIAyUeM COOOMLeHHH, HO HMeIOLINH, KpoMe Toro, 6oKOBOL 
orpom A (cm. pue. 1,/), NosBOMsIOMIAH MyTeM 
TOBOpOTA efO Ha WKe CIMBATb B COCY HaXxo- 
MALLYIOCA B HEM XKHKOCTD, HaJIMBaJICA MMPUAN- 
1OBbI pacTBop cpeoduTuna (oKOWIO 
),5:10-* mon/m), coepxKalina ackopOuHoByto 
cacnoty (oKomo 1,1+ 10 mom/a1). DeopuTun B 
9TOM, Tak *Ke KaK HM B HeEKOTOPbIX NoOcJeLyto- 
IIMxX OMbITax, Opasicd BMecTO xXJOpodusa TMo- 
OMy, ITO pH OTCYTCTBHM MpHHUMMMaJIbHOrO 
\agIHUUA B CMOCOOHOCTH K (OTOBOCCTAIOBJIe- 
‘MIO yY 9THX MHTMC€HTOB CKOPOCTb peaxIIMu C 
Jeo:PHTHHOM 3HauHTeIbHO Sombie (5), BCIeL- 
TBHe vero padoTa c HUM MpMBOAHT B pale 
myuaep K Ooulee peskO BbIPaxKeHHBIM Pe3yJIb- 
aram. Ilocuie BbIkKauMBaHMA BOSLyXa Mp KuTIe- 
uM pacTBOpa MpOH3BOMMJIOCh U3MepeHue Ha- 
aJIbHOl pasHUILbI NOTeHIMaJIOB, H BaTeM pacTBOp B Tourn mouHocTb1o Mepe- 
upanca B A. B B ocrapaslocb TOMbKO OU€Hb HEOOMbINOe KOMMYECTBO pacTBO- 
a, MOcTaTOUHOe WIA TOPO, YTOOI WIEKTPOM HaxXOAMcA B AMIKOCTH. PacTBop 
1A ocpellaica KpacHbIM cBeToM (500-BaTTHad KMHOJIaMila Ha paccTOAHHH 
5 cM uepe3 KOHJeHcop u cBeToduNETp RG-2) | Muuyty u celuac 2xKe Mocwe 
SIKJIOUeHHA CBeTa NepetuBaca B 5. W3mepenua pasHuibl MOTeHIMas0B 
5Kagaiu, ¥'0 MOTeHUMAaN WlaTMHOBOTO SweKTpOwa cpasy 3aMeTHO MOHH- 
‘aca (Ha 50—75 MB B HallIMx ONbITax) M IpM CTOAHUM B TeEMHOTe TocTe- 
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Puc. 1. QunexTpoynpre cocyazp. 
KI — kanomeuespii s1exTpor 


MAH, T. 95. Ne 4 


neHHoO (3—5 MHH.) NOBbIMNAICH, T. €. HAOMOMaach TOYO Takas Ke KapTHHa, 
KaK M IPH HeMOCpeACTBEHHOM OCBeLeHHH MpH3JIeKTPOAHOTO IIpocTpaHcTBa. 

Hasmaue gpyx ctaquii Ip (OTOXHMHYeCKOM BOCCTAHOBJICHHM PacTBOPOB 
xopopussta OblO MOATBEpAMeHO HAMM ONbITAMH, MPOBeMeHHbIMH MPH pas- 
JWUHBIX TeMMepatypax. OcBellleHHe paCTBOPOB MPOH3BOQHMOCh B Mpospad- 
Hom cocye Jlioapa, HamOuIHeHHOM OxJlaxKaloleH CMeCbIO (TBepqax yrule- 
KuculoTa B alleToHe). Ha puc. 2 npHBeweHbI NOJYYeHHbIe PpesyJIbTAaTH. Puc. 2A 
WoKa3biBaeT, YTO CKOPOCTb OOpasoBaHiA 
KpacHOd BOCCTaHOBJCHHOM (POpMbI XJOpO- 
(pusa, KOJMYeCTBO KOTOPOH XapakKTepH- 
3yeTCH BeJIMYMHOH MOPVIOWleHHA B MaKCH- 
MyMe 525 Mts, CHJIbHO 3aBHCMT OT Temme- 
patyppl. Yxe npy —40° (paOoraTb IpH 
Temiepatype Oovlee HH3KO ObLIO HeEBO3- 
MOXHO BCIeACTBHe 3aMep3saHuA NHpHyH- 
Ha) CKOPOCTb 9Ta HaCTOJIbKO MaJla, 4TO! 
KpacHasi (opMa oOpa3yeTcA TOJbKO Bi 

5 uu. t @ o ¢mn, He3HAUMTEIbHOM KOM¥ecTBe. Hao6opor, 
eC - Ana  HOHWKeHMe TeMMepatypbl B yKa3a4HHblX 
kc 2 bane rowreparypu AM qpeqerax He TomKO He yMewbitaeT, 1d 
BOCCTAHOBJeHHOH bopMbl xuOpodussa,  AaKe YCHJIHBAeCT apekT U3MeHeHHA T0-+ 
H—wa wsMeHenMe moTeHWHata mpu TeHIMasla, HaOJOMaeMbI Ha dJeKTpoze: 
ocpemeHun. C—cret, T—TemHoTa Cyeqyer OTMETHTb, ITO MOTEHUMOMerpuye4 

CKHe H3MepeHHA B JaHOM CJlyyae MpoBoy 
JIMJIMCb, BO-II€pBbIX, c Ooulee CaObIMH pacTBOpaMH XMJOpoOusIa, GeM Te 
KOTOPbl€ JaloOT MAKCHMaJIbHbIN adexT (!), Wa TOTO uTOOb! HMeTb BO3MOX 
HOCTb € TEMH 2Ke€ pacTBOPaMH IPOBOAHTb HM CNeKTpaJIbHbIe H3MepeHHA; BO 
BTOLbIX, H3-3a HEOOXOHMOCTH OXJaxKCHUA MPHMeHAJICA OTMGHbI OT paHed 
OMHCaHHOTO KBapIeBbI SJIEKTPOAHbIN COCcy ¢ JBYMA TvIaTHHOBbIMH 9JIeK 
TpOMAaMH, U3 KOTOPHIX OJMH MOMELLaJICA HECKOJIbKO BBIIe UM 3aKpbIBaJICA CHa 
py2xku wepHOH OyMaroli, a ApyroH HaxoMWsICA HHKe AM MpOCTPaHCTBO OKOWJIt 
Hero ocBelllalocb (puc. 1, //). Takum o6OpasoM, pa3HHIla MOTeHIMaJOB B Mak} 
HOM CJlyyae H3MepHaCb MALY IeKTPOMAMH, M3 KOTOPbIX OAMH MOMELIascH 
B OCBCILaeMbIH, a [pyro B HeOCBellLaeMbIM pacTBop. BnowHe BO3MOXKHO, UTd 
B 9TOM CJlyuae Ha YMeHbIUICHHH BeHIMHbI (POTOH3SMeHeEHHA MOTeHIMala a 
MOBbINICHHH TeMMepaTypbl CKa3bIBalOCh He TOJIbKO YBeJIMYCHHe CKPOCTH TeM | 
HOBOM peakILMH, HO B HEKOTOPOH cTeneHH A AMPPy3SHOHHbIe ABJICHHA, HO 9T: 
TOMbKO MomuepkuBaeT (akT, YTO MPH HH3KOH TemMepaType Toren eam 
M3MCHCHHA MpOWCXOAT pH SoJlee OATONPHATHBIX yCJIOBUAX. 

PesyJIbTaTbI STOrO OMbITa MOKA3bIBaIOT COBeEPIIeCHHO ACHO, YTO IPH OOpa! 
30BaHHH 3JICKTPOMHO-aKTHBHOM BOCCTaHOBJICHHOH MOpMbI xXJopodussa per 
WeT O HeMocpeAcTBeHHOM (POTOXHMMYeECKOM IIpolecce, CKOpocTb KOTOpor 
He 3aBHUCHT OT TeMIlepaTypbl, TOrMa KaK OOpas0BaHHve KpacHOH BOCCTaHOBWJIe 
HOH (POPMbI ABJIACTCA BTOPHYHbIM TEMHOBBIM TIpOIeccom. 

Tloqo6npli xe BbIBOM CileLyeT U3 Pe3yJIbTATOB MpOBeAeCHHbIX HAMU OMb 
TOB C IIPHMCHeHHeM OCBeLLeHHA MaJIOM HHTCHCHBHOCTH HM OMbITOB c HCHOJE 
30BaHMeM PaCTBOPOB, COfepxKallMX OYeHb MaJIble KOJMYeCTBA BOCCTAHOBIA 
TeJId — aCKOpOMHOBOK KUCIOTH HIM PenHIrHtpasuna. B o6oux cayyasx yd 
JOBMA MOXKHO CYMTAT HeOarONPUHATHEIMU JWI MpOXoxeHuAa (poToxumuyg 
CKOH PeaKIMH BOCCTAHOBJICHHA, HM CJIeMOBAJIO OXKUMATb, YTO BOCCTAHOBJeHHAl 
(bopMa TurMenta, OOpasylonjadca B MepBylO cTamMIO peakIMH, Mocse KpatKd 
BPCMECHHOPO OCBELLCHUA OyeT COMEPRATLCA B OTHOCHTEAbHO GOOJBUIEM KOJI 
"ecTBe MO CpaBHeHHlO C BTOPHYHOH KpacHOH (opMou, YeM 3TO MMeeT Mec 
Ip OObIMHbIX YCOBHSX, T. e. IPH MOCTATOUHO CHJIbHOM OCBeINLeHHU HM OTHOCH 
TeJIbHO OOJIbIIHX KOMHYeCTBAX BOCCTAHOBUTEIA. 


JleHcTBUTeJIbHO, OMbIT MOKa3as, UTO B CyYae Ca6Oro OCBeILeHUA or 
1 
| 


HHA MOTCHUMasa SJIeKTPOMa ObIH OTHOCHTEIbHO (MO OTHOLICHHIO K MaKC 
MaJIbHO BOSMOXKHBIM B JaHHbIX YCJIOBHAX) TOPasqo Goubllle, YeM cHeKTpawJ 
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eee XapaKkTeplisylollMe MOABIeHHe KpacHOl BoccTaHoBweHHot® 
B tao. | npuBogatca jannpre, nomyyennpie IPH HCHOJb30BaHHH Maw 

KOJMYeCTB BOCCTaHOBUTeIA. Kak clleqyeT v3 UMp, MaxKe B cilygae IIpHMene- 

HMA ONCHb MAJIBIX KOJHYCCTB ACKOPOMHOBOH KHCJOTH UH eHHATMApasuna 

MSMCHCHHe MOTCHUMa/Ia TPH OCBeLeHHH ObIIO BeCbMa 3Ha4HTeIbHBIM, Tora: 

Kak KpacHas (bopMa MpakTuyecku He OOpasoBbIBawacn. 

| OgHako, NO HallleMy Mue- 

HH1O, HaHOolee yOequTebHO Ta6anna f 

MOKa3bIBaeT HasMUHe Mo Kpaii- 

Heli Mepe m@Byx craguii npn MsmMenenune MoTenHuHana AAaTHHOBO- 


POTOXMMMYeCKOM ‘BoccTaHos- Lo, 77° RTPOAa Mm Nor aomenaa Up A 
0s Mu B NPUHCYTCTBHU MaaAbX KO J. H- 


JICHHH xmopopua Hero aHd~ weeTsa BOCCTAHOBUTe Aa nDU O€BEM ec 
JOTOB CJIeEAYIOUMH onbIT. Eom uuu, pactBpopa xaopoduana atod & 
TNIOMeUCHHbIH B BaKYYMHyt0 MupHAUHE 

TpyOKy HU 9BaKyHpoBaHHblit 


Tlormomenne B. 


pacTBop xJJopodumia ua e oe? MakcuMyMe 
eodutuna = TMP HTMHe BoccraHoBuTesb a a 5 Es $ ea 
(10%—10 moua/a, conepxa- ge ee cy) aot pee 
UHii AaCKOPOHHOBYy!O KHCJIOTYy g& |SSSé | ocrem. | ocnem.* 
(5 - 10 — 10°! mos/m), oxaa- 

IMTb WO —40°, ocBeTHuTb B Te- . 

yenve 15 ceK. CHIbHBIM Kpac- Aenean ete Pree ke 
HbIM CBeTOM, 3aTe€M ObICTPO cota PO Wome 68 nee 63 
BCTaBHTb TPpYOKY B CMeKTpo- fennsrugpasun . . .| 0,01 | — 78 | 39 At 
oTOMeTp HM U3MepxATb MOro- ————— 

mleHve B O6sacTH 525 MH, TO * Ocpemenne namnofi 110 8, 500 Br npn HaKane 


MOXKHO 3aMeTHTb, 4YTO MOrO- 80 B,“yepe3 KOoH,eHCOp, cBeTOpusbTp RG-1; ¢ = 20°, 
UleHHe 3TO MOUTH cpa3y HayH- 

HaeT 3HauuTebHO yBemMuuBaTbcA. Jia Toro 4TOObI He MpovcxomMO 3ano~ 
TeBaHUA TpyOKH, uMerollel Temnepatypy —40", B KapeTKe cnekTpocboTtomeTpa 
BekMaua, TpyOka mepemq MoMelLeHHeM B MIpHOOp ONycKaJlacb Ha MrHOBeHHe 
B ClaObl pacTBOp TVIMIepuHa B CIUPTe, B pesyJlb~ 


10 TaTe wero OHA MOKPbIBaacb TOHKHM CJIOeM, 

yCTpaHABLUHM OOMepsaHHe. YBeuM4YeHHe MNor.10- 

C L ICHHA TpoOmouKaeTca B TedeHHe 8—9 MUHH. H 3a- 

aad TeM IpekpallaeTca. CooTBeTcTBylolHe  OIIbITbE 
S cC TaKHM 2Ke OxJlaxkKeHHeM, HO 6e3 IIpeskBapHTedJb- 
wg HOrO OCBeILeCHHA pacTBOopa HuYero NoOOHOoroO 


He OOHApyKUBaJN. 

Ha puc. 3 rpapuyeckH pemctTaBseHa KapTu- 
Org Ha, HaO/uOaeMad B TAKHX OMbITAaXx ¢ (peo*uTHHOM, 
¢ KOTOPbIM, KaK OblIO yKe ykKa3aHo, Olaroqapst. 
é : Tage 6ouIbleH CKOpocTH ero ChOTOBOCCTaHOBJICHHA Ha- 
uc. 3. O6pasonanue Bropuy- OOMAeMble ABMCHUA OocoOeHHO XOpOIO BbIparkKe- 
10H BOCCTaHOBNeHHOM bopmMpl HbI. XMOpO*i i BekeT ceOA TOUHO TaKHM Ke O0O- 
peoputuHa ne nepBu4Hon, pa30M, HO U3MeHeHHA aOCOJIOTHbIX 3HayeHHit 
a ne pesy"> _ Koo(ppHNHeHTOS MorauieHua Ha cBeTY MB TeMHOTE 

Se aaeaael ad caer 3HAaYHTeIbHO MeHbIIIe. 
PesysbTaTbl STOO OMbiITa MOryT ObITb OObSIC- 
HeHbI, MOBHAUMOMY, TOJbKO TeM, UTO IpH HH3KOH TeMMepatype B pesyuIbTa‘re 
ocBelleHHA OOpasyeTcA MepBuyHaA OTOBOCCTAHOBJEHHAt (popMa murmeHtTa, 
xoTOpad He MOXKET B STHX YCOBUAX MeperTH B KpacHylo (popMy ¢ MaKkcHMy- 
Mom 525 Mm", a TakxKe He MOXKEeT OBICTPO MpeBpaTHTbCA OOpaTHO B IiepBOHa- 
{abubiit MMPMeHT (Hall OMbITHI WOKa3zaH, YTO OOpaTHbIN Xo NMOTeHUMala 
B TEMHOTe 3aMCIAeTCA IPH NOMM2KeHHH TeMMepaTypbl) M BCMeACTBUN 9TOTO 
qakalluBaeTca B HeKOTOpoM Kosuyectse. IIpu crosHun B ClleKTpocpoTomeTpe, 


Kora TeMiepatTypa pacTBopa MOCTeMeHHO NOAHUMAaeTCH, CKOPOCTb o6pasoBa- 
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HHA BTOPHYHO! PopMbI YBCIHYMBaeTCA, ITO H OOHapy2xKuBaeTCA NO YBeJIHYe? 
HMIO Torsomenua Wp 525 Mp HW COOTBeETCTBYIOINCMy H3MCHCHHIO Okpack 
pacTBopa. | 

Tlof06ubIit OMIT MPOBOAMJICA HAMM B Pa3JIMUHbIX BapHaHnTaXx, pH pasJHys 
HOt MHTCHCHBHOCTH OCBeIICHHA, Pa3JIMUHbIX KOJIMYeCCTBAX BOCCTAHOBHTEJA, F 
BO BCeX cuIyYaAX HOsMyYasach KaveCTBeHHO Ta »%Ke CaMad KapTHHa. OcoOeHHd 
CHJIbHOe YBCJIMYeHHE MOPIOWeHHA B TEMHOTe HAOJIOMa Och Mp 3HAYHTeJIbHBIX 
KoulMuecTBax BOccTaHoBUTeIA (40 100 Mr acKopOMHOBOH KHCJIOTHI Ha 5 MJ) 
pacTBopa). 

Takum o6pa30M, B pe3YJIbTaTe BHIMeCOMMCaHHBIX OMbITOB, a TakxKe PAL 
JIPYPHX, SAKJHOUAIOIMXCA B CPpaBHeHHH XOJa H3MCHEHHA OKHCJIMTeJIbHO-BOC- 
CTAHOBHTeCIbHOrO MOTeHUHaa HW H3MCHEHHA NOPJIOULeEHHA B Pa3JIMYHbIX yCJIO- 
BUAX CIeKTpa (OTOBOCCTaHOBJIeHHOrTO pacTBOpa MOM BJMAHHeEM Pa3JIMUHbIX 
(baKTOPOB, MOXHO CYMTATb OMpeleeHHO NOKa3aHHBIM, YTO POTOBOCCTAHOBJe- 
Hue XJOpodHsa WH ero aHaJIOrOB B MpHCyTCTBUH OpraHWuecKHxX OCHOBAaHHI 
(B YaCTHOCTH, B MHPHMHOBOM pacTBope), MpHBOMALee B CyYae xMOpOpuIN 
K OOpa30BaHHIO KpaCHOH BOCCTAHOBJIeHHOH (OPpMbI C MAKCHMYMOM Tlorviolle- 
Hua 525 mp, mpelcraBaser co6ol mporecc, MpOXOAAWHH He MeHbIle, YeM F 
Be CTYNeHH, H BKOUaeT B CeO YNCTO (OTOXHMMYeECKYIO H TEMHOBYIO CTaHy) 
B pesysbraTe lepBoli cTaquu OOpasyeTcA NepBHYHAA BeCbMa JaOMJIbHaA oak 
TPOMHO-aKTHBHaA BOCCTAHOBJeHHaAd CopMa XJIOpouJa, KOTOPpadA MpH Hop: 
MaJIbHOHM TeMMepatType ObICTpO MepexOUT B pesyJbTAaTe TEMHOBOFO Mpolecc 
BO BTOPHUHY1O, O6YCJIOBJIMBAaIOWLyIO KpaCcHylO OKpacky pacrBopa. 

Tlockombky oOOpaTHMOe H3MeHeHHe NOTeHIMaJla MpH OcBeLeHAH Ha Oyo} 
WaeTCH He TOJIbKO B NHPHAMHOBOM pacTBOpe XJOpOHa UH BOCCTAHOBUTeISA 
HO HM B MMPHAHHOBHIX pacTBOpaXx XJIOPpOPUa B IpHCyTCTBHU, KpOMe BOCCTA 
HOBHTEJIA, H PYFHX BeLLeCTB, B UACTHOCTH HEKOTOPHIX AKIeENTOPOB BOOpOoa 
a TakxKe B pacTBOpax B H€KOTOPHIX APyrHX paCTBOPUTeJAX, T. €. B TeX C/V 
yaix, KOra He yaeTca HaOwJIOLaTb TOABJIEHHA KpacHOH (OpMbI, TO Mb 
BipaBe CieaTb BbIBOL, YTO OOpas0BaHve BbIMeyKasaHHOW JaOUIbHOK 1 
TPOJHO-aKTHBHOH MOTOBOCCTaHOBJIeHHOH COpMbI TIMIMeHTa SABJIAeTCA eu 
CTBUTeJIbHO NepBHYHOK CTagHeH POTOBOCCTAHOBJICHHA XJIOPpOMuNa UH ero aHa4 
JoroB. B 3aBHCHMOCTH OT yCJIOBHH CpeAbl, B KOTOPOK MpoucxoRUT pean 
9Ta (bopMa osBepraetca ObICTPbIM H3MCHCHHAM B TOM HJM ZpyroM HanpaB 
JleHuu. BecbMa BepOsTHO, YTO HMEHHO 39Ta CPOPMa HM ABJAeTCH «padoueli» cop- 
MOH IIpH (OTOXHMHYeCKHX PeaKIMAX BOCCTAHOBJICHHA, CeHCHOMIM3HpyeMbM 
XJOPOPUIIOM, H, BO3MOX%KHO, MpH oTOXHMMYeCKON cTamMH coTocuHTesa E 
pacTeHHax. 

IIpupoqa sto nepBH4YHO coToBoccTaHOBJeHHOl cbopMbl xsopoduua 
ocTaeTca MOKa HeACHOH. Cyl M0 ee CBOHCTBAM, OMHAaKO, BMOJHE BO3MOXKHC) 
4TO OOpasoBaHve ee CBASAHO C YHCTO SJIeKTPOHHbIMH H3MeCHeHHAMU CTPyK+ 
TYPbl MOJeKYJIbI XJOpoOPuJa, Tora KaK B OOpas0BaHHH BTOPHYHEIX (bopM 
yUacTBy!OT ATOMBI HJIM MOJICKyJIbI HM, B YACTHOCTH, MpOTOH HM MOJIeKyJIbI paci 
TBOPHTeJA. 

B 3aksloyeHHe BbIpaxaem OularofapHocrb aka. A. H. Tepeuuny # 
A, A. KpacHoscKxomy 3a WeHHble yKa3aHua u OOcyxeHHe pa6orsl. | 


) 


Viuctutyt OnoxumMun um. A. H. Baxa [loctynuao 
Akajemuu HayK CCCP 19 1 1954 


UMTHPOBAHHAS JIMNTEPATYPA 


: {Be (bt Epcturuces, B. A. Tappuaospa, JAH, 92, 384 (1953)) 
2a AAG Kpacuoscknii, JAH, 60, 424 (1948), *® A. A. KpacnospcKkui 
: a tee ae K. Tee eae JAH, 69, 393 (1949). 4 A.A. Kpacuos 
cKkuH, T. TI. Bpun, + £3; 4239501950) tee eee Bebe 

puaoBa, ZAH, 74, 781 (1950), ae Py a ae 


es 


Hloxnagm Akayemun Hayr CCCP 
1954. Tom XCV, N 4 


BHOXHMHA 


T. H. HBAHOBA uw H. H, MPABJLHHA 


K BONPOCY O METOJIAX ONPEJLEJIEHUSH CKOPOCTH 
OBHOBJIEHHA HYKJIEHHOBbIX KHCJIOT B TKAHH MO3rA 


(ITpedcraszexo axademukom K. M. Boixoeoim 28 I 1954) 


OcHOBHble JHTepaTypHble JaWHbIe MO CKOPOCTH OOHOBJICHHA HYKJeHHOBBIX 


_KHCJIOT B TKAHAX MOJIYYeHbI IPH HCNOIb3SOBaHHH HCKYCCTBEHHOTO patHWOaKTHB- 


Horo dochopa (P*). Tlourn sBcemu uccreqopateamu (cbpakunoHHpoBaHue 
HYKJICHHOBBIX KHCJIOT IPOBOAHIOCh pH 9TOM No Metogxy UImunta u Tanray- 


sepa, B OCHOBy KOTOpOro MOJOxKeHO ONpeseeHve cbocdopHoro KomMoHeHTAa. 


OyHako B NOCeqHHe TOMbI NOABHJIMCb yKa3aHHA Ha TO, 4YTO TIpH onpene- 
JIGHHH HYKJICHHOBbIX KHCJIOT Mo MeToxy HimMuyzra u Tanray3epa ia pana 
TKaHeH, H B YaCTHOCTH, JIA MO3rOBOH TKaHH (!) NOuyualoTCA BeJIMUHHbI, 3HauH- 
TeJIbHO TIpeBbIlarollMe TaKOBble, MOJyYaeMble MpH oMnpeseeHHu HyKJeMHO- 
BbIX KHCJIOT MeTOMaMH, OCHOBAHHbIMH KaK Ha ONpeeJICHHU YrJIeBOAHOTO KOM- 
NOHEHTA, TaK HW Ha OMpeeJIeHHH a30THCTHIX OCHOBAaHHH. 

IIpuMenaa palvoakTHBHbIi tocdop Ain UCCeOBaHHA CKOpOCTH O6HOB- 
J@HHA TOTO WIM HHOTO COeCAMHEHHA, OOLIYHO MOJb3yiOTCA BEHYMHOH Tak Ha- 
3bIBAeMOH YleJIbHOH AKTHBHOCTH, OlpeseIAeMOW KaK KOJIMYECTBO HMIMYJIbCOB 
B 1 MMHyTy, Ipuxozauseeca Ha | mr chocdhopa uccsenyemon dpakunn. Las 
IpaBHJIbHOrO BHIYHCJIGHHA ITHX BeJIMYMH HeEOOXOAHMO BbIeJeHHe COOTBeT- 
CTBYIOWI[HX BeLeCTB B YHCTOM BHJle. 

IIpu ompedeweHHu HyKJIeHHOBbIX KucOT No MeTtonzy UlmMuytra nu Tanray- 


_gepa MbI HMeeM JleJIO He C GHCTHIMH (pakiuaMy, a CO CMeCbIO Pa3sJIMUHbIx 


cocdopcoxepkallux coeqMHeHHM, OCOOeHHO B CJy¥ae (pakuMH pHOOHYKJeH- 
HOBOH KHcJIoTHE (PHK). Y6enquTetbHbIe BaHHble B 9TOM OTHOIMeHHH WIA 
TKaHH leyeHu UpuBosatca B padorax JisBuyzcona u coTp. (*). Onn moKasaun, 
yTo BO dpakuuu PHK, nomyyaemow no meroxzy Ulmugra u Tanraysepa us 


| TKaHH Tleyenu, Womumo PHK wumeetca eile 6 docdopcomxepxaulMx MpuMmecen, 


YIeJIbHbIe AKTHBHOCTH KOTOPEIX OKa3aJIMCb 3HAYHTCJIbHO BbILIe TaKOBbIX, BbI- 
YUCJICHHBIX JIA HyKJeoTufoB, OOpa3syrouuxca u3 PHK. 
B cBa3v C 9THM OKa3aJIOCb HEOOXOMMUMBIM IepeCMOTPeTb MeTOAHMKY, Ipu- 


f MeHAeCMY!O JVJIA SKCTPAKUMH HYKJICHHOBBIX KHCJIOT IIpW ONpeTeJIeHhv ckKopocTeli 


UX OOHOBJICHHA B TKAHAX C IeJIbIO BLIACHeCHHA OTHOCHTECJIbHO IIPOCTBIX nyTev 
BbIAeJIEHHA HYKJICHHOBbIX KHCJIOT B YHCTOM BH Je. IIpu 3TOM MbI He CTaBHJilt 
Teper co6orK 3afauy KOJIMYECTBEHHOrO BbIACJICHHA HYKJICHHOBBIX KUCJOT US 


| TKaHH MOSra, TaK Kak JIA BbIYHCJICHHA BeJIMIWH UX YTeJIbHbIX aKTUBHOCTeH 


STOT MOMEHT He HMeeT CYLMLECTBCHHOLO 3HadeHHd. 


QIKCMNePpUMeHTAMbHAA YACTH 


Ilcmp3yacb yKasaHuaMu, UMefoulMMuNCs B padorax (7, 3), Mbl paspaboralu 
HOBbIM BapHaHT aHasu3a MOSrOBOH TKaHM, MOSBOAAIOUMH OMpeseATh UCTHH- 
Hble yJeJIbHbIe AKTHBHOCTH (hocopa, BXOMALLETO B COCTAB HYKJICHHOBBIX KHC- 


_moT (cM. cxemy). 


OcraToK roMoreHaTa TKaHH MO3ra, OTMBITHIM OT CJIeQOB KHCMOTHOPAaCcTBO- 
pumoro u sMMo“s~HOrO doctopa, akcrparupoBasca B TeueHHe 2 yac. RBYMA 
nopuuamu (mo 5 mt) 10% pacrBopa xsopucroro naTpua upu 100°. 
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OcraToK TKaHH Hocde akcTpakWMH xJopucTEIM HaTpHem (VI) dpakmHoun- 
poBavica Jasmee no Metoxy Uimugra u Tauray3epa C WeJIbiO BBIACHCHHA BeJI-) 
UHH YeJIbHbIX akTuBHOCTelt PocdonporenHoB (IX) x HeHCHTUCPUILUPOBAH- > 
HBIX (PocopcomepAKallHX CoeMMHeHHH MOSPOBOH TKAHH (X), OcTalomlMxcsa B} 
OeIKOBOM OCamKe Toce yaleHHA OCHOBHOH MaCCbI HYKJICHHOBbIX KHCJIOT., 
Vis comeporo akcrpakta (I) HyKweHHOBbIe KHCJIOTH! MOPVIM ObITb BbICAxKEHBI! 
3160 WBOHEIM OObeMOM cnupta (2), MH60 pH NOoMOMIM coOeH JaHTaHa (*)., 
Kak Hamu OblWuIO MOKa3aHO, 06a 3TH CMOCcOOa B OTHOLWICHHH KOJIMYeCTB HyKJeu-> 
AOBLIX KHCJIOT MatOT OMHO3SHAYHbIe Pe3yJbTATHI. 


CxeMa aHaau3a 


TKaHb 
OkcTpakuuA KUCIOTHOPacTBOpUMOrO Cpocdopa 
| 
OcraToK TKaHH OrctTon 
OTMbIBKa KUCOTHOPacTBOPHMOL Ocaxnenne Heopranuyeckoro docopa: 
epaxuun 5% Tpuxsopykcycholt KHCIOTON MarHesHaJIbHOH CMeCbIO | 


OKcTpakuna JMMALOB | 
‘(MocTeROBaTeIbHO? alleTOHOM, CMeCbIO ps rs 
9TaHOa Cc acpPHpOM, CMeCbIO MeTAaHOJa P 
¢ XJIOpo(opMom). 


Oxctpaxuna 10% NaCl 
(2 uaca mpm 100°) 


{ { 
NaCl — axcrpaxt (I) Ocanox (IV) ("pompitro H,O mpu 0°) 
| 


flo6apnenue cone nanrana J 
(cnupta) 1 uac, 0° Tugpomus 1N NaOH 
| (20 uac., 37°) 


| 
Orcton (11) Ocanox (III) 


(HyenHospie KUCJOTBI) Tlo6apnenne 5% TpuxJopykKcycHou KuCIO- 
| Tb Nocse HeHTpatusaguu 5 N NCI 


| 
Tuxzpoaus 0,3 N NaOH 


(18 uac., 37°) | | 
Orcron (VII) Ocanox (VIII) 
| Tlourn He comqepxur > 
Tlodasnenue 64% HCIO, OcaxeHue HeopraHH- q@occopa 
‘ yeckoro cpocdpopa no Jlenopu 
| | : 
Orctou (IV) Ocanox (V) | 
(PHK) nmpoMpit 5% T e i Oe 
4 TDUXJOpyKcycHor (ocborcotemn 
7 | KHCIOTON, 0° p 2») | 
| 
1 2 
Pe is roe Pactsopen B 0,1 N NaOH Ss a7 
C OplHHOM HK Orcrout (X) 
| ( ) Henjxzeutudunuposannast 
_YaAbTpaduoseronad Opakans 
adcoponus | | . 
(A 20 mw) Peres IlperHat peaknusna | | 
c que HHIaMHHOM eh Pee 
Yaptpapuoserosaa 
a6cop6una 
(A 260 mu) 


OsHako [Ist Wee padorb c paqvoaKTuBuLm (boctbopom Gosee YOOHEIM | 
OKasaJICA BTOPON CHOCcoO, Tak Kak OH JlaBaJI BOSMOXHOCTb OTMBIBATD JaHTa- 
HOBbIM OCAMOK HYKJICMHOBBIX KMCJIOT BOAHBIM pactBoputemem (0,01 M pac-| 
TBOP HHTpata JlaHTaHa), yaJIAIOMNMM pasM4HbIe (boctopuble 3arpx3HeHua, 
yBJIeEUCHHble OCAKOM. 

HyksleHHOBbIe KUCJOTEI, BLIMeeHHbIe B (POpMe Covel NaHTaHa, PHLpoMH30- | 
BaJIMch 3aTem C 3 MJ 0,3 N NaOH B revenue 18 yac., nocse uero mpousBogu- | 
OCb OCAKMCHHe NC3OKCHPHOOHYKJenHOBOH KuCOTH (JLHK) noyKucnenuem 
ruapoummsara 2o pH | coorsercrsyromum KosMuecTBom 64% TlepXJIOPHOH KHC- | 
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JoTEt (HCIO;) — ocagox V. Pu6ouyKaennopaa xKucmota Ip STOM ocTaBa- 


| Jlacb B pacTBope (orcToi IV). 


Cc HesIbrO YCTaHOBJCHUA YHCTOTE! NOyYaeMbIX WaHHbIM MeTONOM (pak- 
mun PHK u THK (dppaxunu IV u V) xonuuecrso HYKJICHHOBDIX KHCJIOT Onpe- 
ACNATOCh B HUX TpeMA PasJMYHbIMH MeTOaMH: To (ocdopy, HO UBeTHOIi pe- 


| akItMM (Cc OpltwHoM B culyaae PHK uc andexusamunom B cayyae THK) uno 


MOPOWeHuIO B YbTpaPuoeToBoH uacTu ciektpa (npn 4=260 mw) pu 
MOMOILM cieKTpopotTomerpa Tuna C@-4, PesyapraTp TaKux CPpaBHUTeJIbHBIX 
aHaJIM30B, IIpHBeCHHBIe ’ 


-BTa6m. 1, noKa3biBator, Ta6auna 1. 


4TO KOJIHYeCTBO docdo- Cpa 
a PH H : : BHHTCIbBHBE NaAHHDE ONpeheTeHud 
Pp Ku I K B TKaHi HYKICHHOBBIX KHCAOT, OCAKRLACMBIX COIbW 


Mosra, OMpeHeIHeMO€ naHTaHa H3 CONeBOrO 9KCTpakTa TKAHH 
OMMCaHHbIM BbILIe MeTO- MO3ra (B ur ochopa Ha 1 r chlporo Reca) 
JOM, COCTaABJIAe€T OKOJIO PHK (@pakuna IV) AWK (ppaxnusa V) 


30% oT aHaJIOrMyHCl Be- 


JIMYMHBI Ia PHK 1 oKo- > | 9 ge< > | 9 9 &< 
mo 50% nin HK npa §8 | 28 | cae feke | NM | 8 | ee [ee 
ompeqeleHHH HX 10 MeTO- nn. | #3 | ESE |Foe8| nm | FS | FEE Food 
ny [muyra 1 Tawrayse- zo | 222 [232s ge | 225/232 
pa. IIpu stom oka3auocp, 
4YTO KOJIHYeCTBO Hykeu- R 
HOBHIX KHCIOT (B Hepe- a ne oe ; - = 2 
cuete Ha 1 mp ocdopa), 3 | 420 | 445 | 425 3 BAO | Lesa As 
olpereiaemMoe BO (Ppak- 4 120 BA 132 4 42 — 44 
WHAX IV u V TPpeMA pa3- } 90 85 93 5 44 ul 45 
JMUHbIMH MeTOaMH, co- is . ee oo : a ef ie 
CTaBMAeCT MPHMEpHO OAHYy 8 88 | 88 | 93 8 Shr | eeoa alas 
HW TY *%Ke BevlHoHHy. ITO 9 100 88 | 109 
aeT HaM OCHOBaHUe cuH- 10; 410 | 93 | 119 

141 120 105 134 


TaTb, U4TO BbIJeJIAeMbIC 
TO OMHCaHHOMY  BBILIc 
MeToty dpakxuna PHK  Cpenn. | 107 | 100 | 114 
(IV) u THK (V) ue co- 

RlepKaT B 3HAUMTCIbHBIX KOJIMYeCTBaX WHOrO (hoccpa, KpomMe ocdopa, mpu- 
HajllexKallero HYKJICHHOBbIM KucuOTaM. [loculetHee uMeeT OCcOb60e 3HayeHHe 
IIph OMpeeJIeHHU HCTHHHDIX BeMUHH YJ[eJIbHbIX aKTHBHOCTeH. 

HeckoJIbKO 3aBbIIeHHble IMppbl KOMM4YeCTB (ocdopa HYKJICEHHOBLIX KUC- 
JOT, paCCUMTAHHbIe MO MaHHbIM MOFIOMLeCHHA IPH AMHe BowWHD! 260 My, cule- 
WyeT, OYeBUAHO, OObACHUTD IIPHCyTCTBHeEM B TpoOax He3HaUMTeJIbHbIX KOVJIM- 
uectB HC1lO,, Tak Kak coracHO JIMNTepaTYpHbIM yKasaHuamM (*) B mpucyT- 


Penal aad a 


-crpuu HClO, mormomlenve cpeTa pHOOHYKJICHHOBOM KHCJIOTOH B yiJbTpaduo- 


JIeTOBOH YacTH CieKTpa MOXKeT MOBbIMATHCH. 

M3n0xKeHHHI MeTox PpaKkIMOHHpOBaHUA Obl MCMOJb3O0BaH HaMH B flaJlb- 
HeHWIeM JIA OMpemeweHHA YeJIbHBIX AKTMBHOCTeH OTMeJbHbIX Moc*opHHIx 
¢bpakunit SemKOBOro OCTaTKa MO3roBOH TKaHH. B KayecTBe npiMepa B TaOul. 2 
MpHBeeHbI MavHble OMbITOB, B KOTOPBIX MBe PaBHble HaBeECKH MOSTOBOK TKaHH 
OT OMHHX HM TeX %Ke XKMBOTHBIX (10 OJHOMY TlOJyUlapHio OT ABYX KPBIC B Kaxk- 
JOM OlpesesIeHuu) NOABeprasuch Mid CpaBHeHMA MapadembHOMy PpakMo- 
HHpOBaHHIO Mo oOwenpHHaTomy meTogy UImugra u Tanraysepa wu lo BHOBB 
paspaOoTaHHOH CxeMme. 

Kak BHuaHO u3 Ta6a. 2, yebHad aKkTHBHOCTh ocdopa dpakuuu IV B 
3—4 pa3a HuxKe yeJbHOM AKTHBHOCTH cpocopa pwHOOHYKJIeHHOBOM KUCJOTHI, 


oupemeraemol pH :bpakuwoHNpoBanuu TKaHM MO MeTogy Uimugra u Tanra- 


ysepa. , 
Tlono6Hoe xe COOTHOLeHHe BeJHUMH yJeJbHEIX akTuBHocTeli mia PHK 


HCOMHOKPaTHO HaOJOLalOch MU B WaJIbHeWeM pH CpaBHeHHU Pe3ybTAaTOR, 


MOJIYYCHHHIX Ha OTJICJIBHBIX 2KHBOTHBIX. Tak, B 4-yaCcOBbIX OMbITaX BeJIMYHHDI 
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| 
| 
OTHOCHTCJIbHOM YAeJIbHOM AKTHBHOCTH VIA PHK, onpemesaemou m0 MeTOLLY ’ 
IlImunra u Tauraysepa, coctapuanu 12,7 (cpemuee U3 5 OMnbiTos, Kole6aHHa 
10—14%), a nia PHK, onpegesaemoi mo MoxMpuIMpOBaHHOMy MeTOLY, 
Beero 4,1% (cpemHee 43 7 OMbITOB, KOMeOaHHA 2,8—5,4%). B To xe BpeMaA 
OTHOCHT@JIbHad YeJlbHaA aK- 

Ta6auna 2 IMBHOCTb (ppakuuu X o1peye- 

jiaiacb BemHuHHOH 17,9% 


CpapHeHue yReIbHBIX AKTHUBHOCTCH (cpemuee u3 7 OMbITOB, KOvJle- 
dbochopcomepxKamux hHpakuut OerKo- okie 15—20% ) 
BOrO OcCTaTKa TKAHM MO3ra pM OOpa- ; 
6oTKke ero no metToxy UlmMuata u Tan- TakuM o6pa3soM, Ha OCHO- 
ray3epa H 10 MOAHPUNHPOBAHHOMY BaHHH paCCMOTPeHHA IIpHBe- 
MeETOLY (panvoakTuBHblH mocpop BBOAMICA B JICHHBIX JLaHHBIX MO2KHO clie- 


KomMuectTBe 1 uw Ha 1 © Beca #KMBOTHOFO) ab OCHOBHOM BLIBON. YTO Hc- 
? 
THHHaAA BeJIMYWHaA OTHOCHTECJIb- 


is p me HOM Y{e@JIbHOW AKTHBHOCTH * 

@paxuus si; | 2. | s£  PHK mosra, xapakrepusyio- 

o58| 25 | ££  ulad coOoli cKopocTh 9OHOB- | 

afe| >= | OF  jeHHA MaHHOrTO CoeMHeHHA,, 

3HaUHTeIbHO HWKe COOTBETCT- | 

Ilenounoh rugzponn3at 10 BYIOWMX BeJIMYHH, MOJlyaae- 
metony Ul. uT. ....] 2 | 6000] 14 MbIX IIpH OOpaOorKe TKaHH 110) 
24 | 8000) 25 metony UImugta u Taurayse- | 


®paxuna VI (ruzpoansat pa. 3a 2 4aca oHa CcOocTaBJAeT | 
wee ee Ne Uae 2—3% BMecTO HaOwOLaBLIHX- | 


- oe He , ca paHee 9—10%. 
PHK no mertogy Ill. u T. . 2 0 10, HecomMHeHHO 
24 7400} 22 ee ; 


®pakyusa 1V (uctunHaa PHK) 2 1010) a 
24 3740| 9,6 


ocayka). . 


4TO Olpele- 
JIACMbIE B MOCJIEIHEM . clyuae 
BbICOKHe WUd:ppbl OTHOCHTEJIb- 
HOH Yy@IbHOK aKTHBHOCTY 


Ppakuuz X (nenwentudu- . PHK o6ycJloBeHbI 3HaudH- 

WupoBanHad pakuusa) . . o ea nS TEJIbHBIM KOJIMUCCTBOM BBICO- 

KOaKTHBHBIX l[pMMecel opra- 

AHK no metony I. u T. . ce ae ;  HMYeCKM CBASaHHOrO (ocdopa. 

7 vi THK) , ‘ . OcHoBHad Macca STOrO ObrcTpo 
pakuust HCTUHHAA ; Tl , 

°4 300| 0,78 oOMeHHBalolleroca cocdopa 


pH aHaJlu3e TKaHH M0 OMH- 
CaHHOH BbIle CXeMe TepeXORHT BO ‘ppakuuIo X, tocdop KoTOpoH cocTaB- 
aseT IpuMepHo 40—50% or Bcero tboctbopa, CBA3aHHOrO ¢ GEMKOBBIM CCTAaT- 
KOM MOSrOBOH TKaHH. OCHOBHYWO Maccy ero COCTAaBJIAIOT HEHLeEHTHPUNAPOBaH- 
Hble (ocwopcosepwKawyMe OpraHwyecKHe COeAHHeHHA UM JIMUIb HekoTOpaA 
YacTb QOJKHA ObITb OTHeECeHa 3a cyeT Mocdopa OcTaTKOB HYKJICHHOBbIX 
KMCJIOT, TAK Kak JByXKpaTHad o9kKcTpaKkuMa 10% pacTrBopoM x,JopacToro 
HaTpMA He OOecHeynBaeT MOJHOTO UX YaJleHHA U3 OesIKOBOrO OCTaTKa TKaHH. 
®pakuua V — ucrunnuaa JIHK — noxaspipaeT HeKOTOpylo BeJIMUWHY aKTMBHO- 
CTH JIMUIb B OMbITaX, Mlaujuxca 24 awaca C MOMe€HTa HHbeEKIMM XKHBOTHOMY 
pamMoakTuBHOoro tocdopa. OyHako HW B WaHHOM CJlyyae BesJIMUMHa OTHOCH- 
TeJIbHOU YACMbHOM AKTHBHOCTH OKa3aacb Goulee HU3KOH (0,78%), vem B Cay- 
yae OOpaooTKH TKaHH No MeTogxy Uimugra u Tauray3sepa (2,5%). 


Vuctutyt dusnonorun um. VM. I]. Masazosa llocrymuso 
Axanemuu Hayx CCCP 15 X 1953 
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Aoknxage Ankagemuu Hayrx CCCP 
1954. Tom XCV, N 4 


ATPOXHMH# 


B. B. PAYHHCKHH 


MIPHMEHEHHE PAX WOXPOMATOFPA®HYECKOLO METOIA 
K H3Y4YEHHIO DHHAMHKH COPBILHH, J BYUDKEHHA 
MW PACTIPEEJEHUA POC®AT-HOHOB B NOUBAX 


(ITpedcraeaexo axademuxom C. H. Boasdxosuuem 8 I 1954) 


Flo HacTosllero BpeMeHH HCCeqOBasacb, riaBHbIM O6pa30M, cTaTHKa 

COPOMMOHHbIX Wpomeccos B nouBax ('). Usyyenue copOuMu BellecTB B T0U- 
BaX B JMHAMHYECKHMX YCJIOBHAX ObIIO 3aTPyYAHEHO H3-3a OTCYTCTBUA COOTBET- 
CTBYIOWIMX 9KCIICPHMeHTaJIbHbIX MeTOROB. I]pumMeHeHHe xpomatTorpadun 
(, 3) “ mpegsmomKennoro J. JI. Upanenxo, E. H. Tanonom u wamu HoBoro 
MeTOJa pamqMoxpomatorpadun (**) B arpoxHMHH HM arponouBOBeseHHU OT- 
KPbIBAeT HOBbI€ BO3MOXHOCTH B H3y4eCHHH KaK OHOJIOrMUeCKHX, Tak 
M (H3HKO-XHMHYeCKHX MpoleccoB B ouBax. Bonmpoc o mpHmMeHeHuY 
XpoMaTorpaduyeckoro aHaJIv3a B arpOMOuBOBeeHHH Obi MocTaBweH B 1948 r. 
E. H. Panouom. 
_ Yke B MepBbix ompirax (*) Oblul YeTKO ycTaHOBJeH akT oOpas0BaHuA 
XPOMATOrpaMM KaTHOHOB B KOJIOHKaX MOUBCHHBIX MMHepaJloOB — KaOJIMHUTe 
M MOHTMOpHsoHUTe. Ho HavOoJIblIui MHTepec MpefcTaBsaAeT, HeCOMHEHHO, 
M3yyeHHe xpoMaTorpaduyecKHx TIpoleccoB B MOYUBaX B eCTeCCTBCHHBIX yCJIO- 
x. Or xapakTepa paciipeyevieHua BellleCTB B NOYBe 3aBHCHT JOCTYMHOCTb 
UX [Jit WuTaHHa pactenuu. [lostomy uccleqoBaHHe DHHAMUKH BeLIeCTB B I04- 
BaX HMeeT BayKHOe TeOpeTHYeCKOe 3HAUeHHe [WIA aJIbHeMIWero pasBHTHA yye- 
HHA O MOmopoazuu mouw (7) u 6ombuloe Mpakru4ecKoe 3HayeHHe B CBA3SH C 
IMIMpOKHM BHeJ[PeHHeM B COIMaJIMCTHYeCKOe CeJIbCKOe XO3AKCTBO MepeqoBon 
arpOTeXHHKH HM OpOLleHHaA. 

E. H. Tanonom u E. C. )Kynaxunot (7) Ha ocHoBe TeopeTHyeckoro aHa- 
WIM3a 9KCICPHMeHTAJIbHbIX JAHHbIX pas/IMUHbIX aBTOPOB HOKa3aHO, YTO pacripe- 
UesleHve OOMeHHDIX KATHOHOB 0 MpodusO MOUB peAcTaBJseT eCTeCTBeH- 
Hyl0 xpoMatorpammMy. AHaJIH3 MOUBCHHBIX XPOMATOrpaMM MO3BOJIHeT YCTAaHO- 
BUTb PA HOBBIX (PAaKTOPOB, OMPeMeJIAIOMINX FTeHe3HC PasJIMYHbIX MOUB. 

JlaunHoe coo6ujeHve UMeeT Ue/biO H3JIOKUTb MpOBeeHHble aBTOPOM B 
1948 r. ombITHI 10 MpHMeHeHuIO paqHoxpomaTorpaduyeckoro MeTOMa K U3y- 
YeHHIO [MHAMMKM COPOIMH, WBMKeHMA MU pacmperedenua PocatT-HOHOB B pas- 
JIMUHEIX NOUBaX. Sta paOora HaxOAHTCA B IpAMOH cBA3H C paOoTaMu IO 
(IPHMeHeHHIO pamwoxpomMaTorpaduyeckoro MeTOfa K M3yYeHHIO AMHAMHKU 
(MoHHOrO OOMeHa (*°). 
| TlocraHoBKa OMBITOB 3aksO¥alacb B culefyroulem. JIA OMbiToB ObwIM 
B3ATHI OOpasiibl pasMyHbIx nous. B crekKAHHbIe TpyOKU WWMHOH 25 cM -u 
ijMameTpom 5 MM HaCbIMaJIMCb BOSYUIHO-CyxXHe NOYBEI, HMeloulMe CTPyKTYPy 
MeOOJIbUIMX KOMOUKOB AuaMerpom 1—2 mM. BplcoTa KOJIOHKM MOYBbI BO BCeX 
lombirax papHa 20 cm. Bo Bce KOJIOHKH BBOAMaCb OHA H Ta we Mosa pac- 
rBopa NaH,PO,— 1 ma pacrgopa, cogepxamjua 20 mr P2Os. B KauecTBe 
pavoaKTHBHOrO WHAMKaTOpa MCMOMb30BaJICA H30TOI tbocdopa P*. 
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IIpocauuBanne pacTBopa yepes NoYBy MpoucxoAuNo Mon MeHCTBHeM CHU: 
THKECTH HU KannapHsx cut. Tlocme Toro Kak BBeJeHHbIM B KOJIOHKY pat 
TBOp MeyeHoro octbaTa MOJIHOCTbIO BUMTAaJICA B MOYBY, HCCMeMOBaOCh Mp 
MOMOILM CueTUHKa MepBuyHoe pacipeetenve Poc*aT-HOHOB B KOJIOHKE. 3é 
TeM T0UBa MpOMbIBaacb MOcAeLoBaTeIbHO TopiyusmMu 0 1 MJ ecTHJWIMpC 
BaHHOH Boon. Pacmpemesmenne CocdaT-HOHOB Ha pa3JIMYHBIX CTaMAX MPC 
MbIBaHHA TaKKe H3yyaJlOCb CUCTYHKOM. 


IX 


ae Oe ee tee es np 2 Y) | 

l y— | 
Puc. 1.” Jipwxenwe” wu pacmpeyenenue ocwaT-HoHOoB B 
KOTOHKe * non380NNcTOH NoyBb (JIecuoH qaun TCXA). J — 
nepBuyHoe pacupenenenue; I, 11], 1V, V, VI — pacnpexe- 
JI€HHe B THpomecce MpOMbIBAaHUA TOUBHI BOROK; VIT — pac- 
ipenenenue B *usbTpax 


B ompite c KpacHo3eMoM 6bIJIO MpOBeeHO BHITeCHeEHHE aCOpOupoBaHHy 
ocdat-vonop pactBopom !N NaOH, tak kak Boson docdatT He Mor Obi 
BBIMBIT 43 NoUBbI. M3yuamocb Takxe paciipemedenue MeUCHbIX (PocdaT-Houe 
B MOCIeEROBATeIbHO COOHPAaeMbIX NOPILUAX CPUMIbTpPaToB. 


0 1 z [sere See [eee Loe, n 
Bo OW IO WP i i i ADS S 


Z —_—_ Y— 


Puce. 2. [Byoxkenne u pacipeyesenne ociat-nonoB B KO- 

JOHKe Kpacnosema (UaxBuncxoro). / — nepBuynoe pacnpe- 

nenenne; JJ—pacupenenenue MOce MpOMbIBaHuA KOJOHKH 

6 ma Bop; IIT, IV, V, VI — pacnpenesenue docdat-no- 

HOB B Wpomecce pbirecnenua ux 1N NaOH; VII — pac- 
mupeyeienue B *usbTparatax 


| 
ONbIT C KaxKAOH NOYBOH MpoBOAMIICA B ABYX MapasweJbHbIX papManra 
BocnpousBoqMMocth pe3yJIbTaTOB Oblla YAOBJIeETBOPUTeIbHOH. TexHuka 3M) 
PeHHM ObI1a TaKOM 2Ke, KaK M B PaHee OMMCAHMbIX OMbITax (6). 

Bo Bcex KOJIOHKaX, KpOMe KpacHosema, lipomecc HpombIBanusa He yHador 
MpOBeCTH NO KOHMa, Tak KaK yrKe ocwe MpoMbIBaHua 5 MJ BOMB pamnoal 
THBHOCTb 1-CaHTHMeTpOBbIX yYaCTKOB KOJIOHKH CTaHOBMJIaCb OUeHb HU3KO! 
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a MIpOcauMBaHve pacTBoOpa OYCHb MeJWICHHBIM, YTO ABJIACTCA CJIeMCTBMeEM pa3- 
PylleHHA KOMKOBAaTOM CTpyKTypbl H AHcCMeprupoBaHua MOUBHI. 

IIpu Tol, MOBoOMbHO BbICOKOH, KOHWeHTpalun cociaT-uonop, KoTOpaa 
Oblla HAMM B38ATA [IA OMBITOB, He ObIIO OOHApy2KeHO CYLICCTBeHHO pasHHUbl 
B NoBewenuu (bocaT-HOHOB B KOJIOHKax YepHoseMa (cymckoro), mos30/a 
(opexono-syesckoro u JlecHoli mayn TCXA), ceposema (akkKaBakckoro) H 
wxeITO3eMa (BOOMapoBcKoro). B KOIOHKax STUX MOUB PociaT-HOHHI 10 Mepe 
HIPOMbIBAHHA KOJIOHOK IIPHMePpHO PaBHOMePHO pacmpefedauch NO Wpoduusio 
nouspl. PesybTaTb! OHOFO 43 OMbITOB C STHMM MOUBAMHM WOKa3aHbI Ha pic. |. 

CopepllenHO Apyrad KapTHHa HaOsOqalacb HAMM B OMbITAaX C KpacHose- 
MOM (YaKBHMHCKHM) (cM. prc. 2). PoctatT-vonbI NpouHO acopO6upoBasuch B 
BepXHeH YaCTH KOJIOHKH H He MOTJIH ObITb BHIMBITHI BOOM, HO JerKO BbITeCHA- 
JMCb paCTBOPOM wletouN. PesysbTaTbI OMbITa C KpaCHO3CMOM BOCIIPOH3BO- 
AST KapTHHy JHHAMHKH OOMeHHOH afcopOmuu docdatT-voHoB Ha aHHOHOOO- 
MeHHOM OKHCH asliomMuHHaA (4, 6), 

B cBA3H C TeM, 4TO KpacHO3em OoraT NOJyTOpHbIMA oKucAamu (A103, 
Fe,O3), STOT pe3yJIbTaT HeJIb3A CUMTATh HeORKUMaHHbIM. CxOMCTBO KapTHHbI 
WMHAMHKH B alcopoOuHH u Wecop6uHH cocdaT-HOHOB B KOJOHKaX KpacHo3ema 
HM KOJIOHKe 4HHOHOOOMEHHOM OKHCH aJIIOMMHHA MO3BOJIAeT NPeAMOJORKUTH, UTO 
AJA MOuB, OoraTHIX NOJLYTOPHBIMH OKUCaMH, alcop6uua PocaT-MoHoB, BO3- 
MOXKHO, HMeeT OOMeHHbIM XapakTep. 

IIpHHuMas BO BHHMaHHe MpOcTOTy MeTOAMKH HCCIeOBaHHA, CpaBHUTeJbHO 
MaJly10 3aTpaTy BPeMeHH UH Tpya Ha MOJyyYeHHe TaHHbIX O xOe TBHXKeHHA HU 
paciipedesleHHA MCUYCHBIX BELIECTB B MOUBAX, MOXKHO OXRKMMATb, YTO paqMoxpo- 
MaTorpaduueckHhH MeTO OKaKeTCaA MOJe3HbIM [WIA PasJIMYHbIX arpOXHMNYe- 
-CKHX HCCJIeqOBaHHh. 


2 
| MockOBCKaA CeJbCKOXO3SHCTBEHHAA akKalemMua Tlocrynuso 


um. K. A. Tumups3eBa 16 VI 1954 


WHTHMPOBAHHAS JIMNTEPATYPA 


1H. WU. Pop6yuos, Morasorutesbuaa cnocoOnoctb mo4yB u ee nmpupona, M., 1948. 
me. H.Tanou, T. B. Lamon, Ycu. xum., 17, 452 (1948);-E. C) Kynaxuna, 
Jlucceprayua TCXA, 1950. ° E. H. Panon, T. H. Vepuuxkosa, Moxa. BACKHMJ, 
meey, 26 (1948), “3 i. VUsanenxo, B. B. Paguuckunh, T. 6b. Tamron, 
mei: fanos, JIAH, 60, 1489) (1948). .» E. H. Tanoun, B. (B. Paauncnn i, 
Ped. noKa. Ha copeml. mo xpomatorpapuu 21—24 XI 1950 r., Msg. AH CCCP, 1950. 
€F.H.Tanoun, J. 0. Uspaneuxo, B. B. PaunucKkunk, JAH, 95, Ne 3 (1954). 
7B. P. Bunsamc, Tloupopenenne, 1946. 
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Aoxrnagn Arkagemun Hayx CCCP 
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XHMHTECKAA TEXHOJIOTHA 


B. HW. KJIACCEH u uasen-Koppecnonnent AH CCCP H. H. MJIAKCHH 


K MEXAHH3MY JLEMCTBHA ANOJIAPHbIX PEATEHTOB 
MPH ®JIOTAWHH YPJIEM 


ANOJIApHble peareHTbl, WMpOKO MpvMeHsAeMble B KayecTBe cO6uparTedelt 
“Tipu oOoralleHHAx KaMCHHDBIX yrvieli MW Pa3JIMUHBIX PYM, OKasbIBaIOT cHenMuye- 
€KOe BIIMAHHe Ha DJOTAWMIO, 3HAYHTeJIbHO YBeCIHUHBAA BepXHH Mpemxed Kpyn- 
-HOCTH @bloTHpyeMbIx 3epeH. Jlo cux Nop NpHyHHbI Takoro AelcTBUA anoumAD- 
-HBIX peareHTOB YCTaHOBJIeHbI JIMIIb B CAaMOM TepBoM mpHOsMxKeHUH. IIo cy- 
HeECTBYIOULMM IIpeCTaBJIeHHAM, 9TH peareHTbl OOpasyloT Ha MOcTaTOUHO THII- 
pooOuEIX MHHepaJIbHbIX MOBePXHOCTAX TWIe€HKY, elle Ooulee MOBbIINAaIOILy:0 
THApopoOHOocTh sTUX MoBepxHocreH. Kpaesol yroJI CMayuMBaHuA BOspacTaeT 
‘MM, B COOTBETCTBHH C ypaBHeHvem Ka6aHopa — MpymKuHa (!), MuHepaJbHbIe 
3epHa Ooslee yYCTOHYMBO 3aKpelJIAIOTCA Ha My3bIpbKax BO3Myxa. 

) Mp paHee mpefnosaramu (7, 3), YTO OTMedeHHOe eHCTBHeE arOJAPHbIX 
‘peareHTos pu dloralHu MOxKeT ObITh CBA3AHO Take C OOPasOBaHHeM MMH 
<HUTH» BLOJIb Tpexda3HOro KOHTypa MpHJIMMaHuA; STO ABJIeHHe B OGILEM 
Be 6pio onucaHo JI. JI. Tammynom u C. E. Bpecatepom (4, °). Pesyaprart 
‘SKCIe€pHMeHTaJIbHBIX HCCJICOBaHHU, MPpMBeeHHble HHKe, MOATBeEPAMIH 9TO 
‘Tpeqmoulox*KeHnne. 

Hamu OblIo UCCJIeOBaHO B3aMMOJeHMCTBHe KepOCcHHa HU MeKaJIMHa C 3ep- 
HaMH KaMeHHbIX yruleH. PeareHTbl OKpalluuBaJHCb B KpaCHbIM WBeT alowJAp- 
HbIM KPaCHTeJIeEM HM 39MYJIBrHpOBaJIuCcb B BOMe MeXaHH4YeCKHM TlepeMellMBa- 
Huem *. B 2MyJIbCHIO MOMellaHCb 3epHa KaMeHHOPO yrJIA cpeqHen cTaquu 
yruiepukaluu UW B OMHOKYJIAPHbIM MUKPOCKON HaOJIOMaocb NoBeseHve pea- 
reuta. OnbiraMu ycTaHOBJIeHO CJlefyrollee. 

1. Kanempku 29MyJIbcCHH — Kak KepocuHa, Tak MW eKaJMHa, 3aKpellAaAcb 
B BOJHOM cpesle Ha yrse, He pacTeKaloTcaA 0 erO MOBEPXHOCTH HM He OOpasyloT 
TakuM IyTem BusxuMou maeHKH. IIpuH TOHKOM 9MyJbrHpOBaHWH peareHTOB U 
OCTaTOUHO JIHTeIbHOM KOHTAKTe 2MYJIbCHH C YIOJIbHbIMH 3epHaMM Ha IM0- 
BePXHOCTH NOCeAHHX OOpPasyIOTCA CKOMJICHHA MeJIbUaHLWIMX KallesleK IMYJIb- 
CHU peareHTOB. OTMeTHM, TO TaKOe MOBeMeHHe AaMOJAPHIX peareHTOB Nped- 
moslaraslocb HU paHee (3). 

2. AnomsapHble peareHTH (eKaJIMH, KepOCHH M Ap.) Merko OOpasyior B 
Boe yCTOMUMBbIe TOHKOANCHepcHble 2MYyJIbCHH. OueBuqHO, YTO MPHMeHeHHb!e 
B OUbITax peareHTb! cOdepxKaT MpHMecH MOBePXHOCTHO-aKTHBHBIX BellecTB- 
9MYJIbraTOpoB B KOJIMYeCTBAX, JOCTATOUHBIX JIA UpPWaHuA BbICOKOK ycTOH- 
YMBOCTH KOHILCHTPpHPOBaHHbIM 2MYJIbCHAM. B uacTHOCTH, TOHKHe 9MYJIbCHU 
KepOciHa OUeHb MeWJIeHHO OOpa3yloT BUAMMYIO TleHKy Ha NOBepXHOcTH 
BOJIDI. 

3. Ecuu 3epHa yrula BCIJIBIBaIoT Ha MOBEPXHOCTb BOLI, B KOTOPOM MYT 
THpOBaH allOMApPHbIMt peareHT, To lo TpexasHOMy NepwmMeTpy cmMaynBaHHA 
MTHOBCHHO OOpasyeTCa KaeMKa alloapHoro peareuta (cM. puc. 2). Ora kaeMKa 
6oylee HHTCHCHBHO OKpallleHa BOJIH3H MOBepXHOCTH 3epeH; Taka HepaBHO- 


* B 9oxciepHMentabHol padote yuacTBoBasa J]. ©. Bapranbsn. 
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MepHOCTb OKpacKH COxXpaHsAeTCA MOCTATOUHO AOVIPO. CkBO3b KaeMKY ee) 
KalleJIbKH IMYJIbCHH peareHTa B BOe Ha MOBEPXHOCTH IIA. | 
4. Ecau Ha MOBepXHOCTb BOI BCIHbIBaeT rpynmta COJIMKEHHBIX 3epeH 
yi, TO yYaCTKM NOBePXHOCTH BOAbI MCKAY HAMM SaTAHYTHI IVICHKOU Kepo- 
CMHa; OKpacKa 9TOH MIeHKH OoJIee HHTeEHCHBHA BOSH Tpex*pasHoro KOHTAKTA) 
Stu Ha6sOReHUA MOKaSbIBaIOT, YTO OOPAasOBaHHe CIVJIOWHOW MJICHKH allo- 
JIAPHOrO peareHTa IpH (poTalluu yruiet HMeeT MECTO, B OCHOBHOM, BAOb IIe- 
puMerpa cMayuBaHua (cM. puc. | a). IIneHka, MOBAAMMOMY OTHIO[b He o6pa- 
3yeT Kpyrvlol «HUTH>, 10 Mepe yjlaJle- 
HHA OT  MOBePpXHOCTH  MOCTeMeHHO 
yTOHbliiaeTca. YMeHbIMeHHe HHTCHCHB- 
HOCTH OKpacKH MOKeT ckopee BCero 
ABUTbCA CJICNCTBHEM MMeCHHO ‘TaKOrO 
YTOHbINCHHA IIeHKH HM He MOKET OBITb. 
cBA3aHO HH c udidysHel KpackH K 
MOBePXHOCTH YIvid (M3MeHeHHe BeTa 
BO3HKKaeT B MOMeHT OOpas0RaHHA 
MWICHKH HM QOCTAaTOUHO yCTOHYMBO BO 
BpeMe€HH), HH C OOpasoBaHHeM MeHHCKa 
BOJIbI BOJIM3H 3epHa yrvian (B TOpH30H- 
TaJIbHbIM MUKPOCKOM BHAHO, 4YTO pas- 
Mepbl! TaKOorO MeHHCKa HM y4¥acTKOB 
IWICHKH C pa3HOM HHTCHCHBHOCTbIO 
OKpacKH He COBlaaior). 
Yka3aHHble HaGJIOReHUA, OUeBUL- 
| AnOnApnoll peaeeHm HO, CIipaBeVIMBbl JJIA ClyaaeB 3akpen- 
Puc. 1. @—cxemMa 3aKpelienHaA 3epHa ee SOUL BE OCU N EE 
yrs Ha WOBEPXHOCTH pa3syela Boa — TOR De OD 2a ee mee ae 
BOSAYX UpH yyacTHH anmouspHoro pea- CyleOBaTeJIbHO, B C/Jlydae NpWJIMNaHhn 
reHta; 6—CXeMa UpwJHManHd, rpyumbl YIrOJIbHbIX 3e€PeCH K MHY3bIPbKaM BO3- 
YTOJbHBIX 3epeH Kk My3bIpbKky BoslyXa B  AYXa IpH MeHHOH cbmOTaMH BOKpy! 
MNPHCYTCTBHU aNOJAPHOrO pearenTa nviowaywu npHaMnanua oGpasyeres 
mieHKa pearenta. IIpu mpuaiunaHHy 
HECKOJIbKHX 3ePeH 9STa IWIeCHKa 3aMOJIHAeT MOBePXHOCTb My3bIpbKa MeXK]Ly 
HHMH (cM. puc. | 6). 

CrelMuuHOCTh NOBeMeHHA KalleseK alOMApPHBIX peareHTOB Ha rpaHulk 
pasqela Tpex (a3, BbIpaxkalollaAcA B MrHOBEHHOM O6pa30BaHHH MMM HUTY 
BOb MepHMeTpa CMauMBaHHA, Oblla NOABeprHyTa TeopeTH4YeCKOMY aHaJIH3y 
JI. 9. Typesuuem (°). M3 sroro anamusa, B UaCTHOCTH, CJleyeT, YTO BHITATH- 
BaHHe KallJIM BCerqa MOJKHO IIpOMCXOQUTb B TOM CJlyuae, eCJIM peareHT Heé 
PpacTeKaeTCH MOJIHOCTbIO 10 NOBEPXHOCTAM, OFpaHHUMBalOLMM JIMHMIO Tpex: 
(basnoro KoHTakTa. B mpMuiMne JIMHeHOe BLITATHBAaHHe KalWIM UMeeT MecrTC 
IIpH JNOObIX 3HaYeHHAX yrula, OOpasoBaHHOMO 3TAMKM TOBepxHoctamu. Ho mpi 
OCTPbIX yrulax (T. e. B Cllyyadx Oovlee ca6oro NpHIMNAaHHA 3epeH B MY3bIpb: 
KaM) BbITATHBaHHe KallesIeK NpOWCXOAUT sJyuUle. 

B wmrepatype ykasbiBasocb, ¥TO pu OTA KPYyMHBIX sepeH perlaio 
Ily!O pOJlb UNPaeT MPOYHOCTh sakpellleHuA 3epHa Ha My3bipbKe (2); uMeHH¢ 
MOCCIHAA OMPeeAHeT BOSMOXHOCTh HM BEPOATHOCTH C*lOTaWHu KPyMHbIX 3e 
pen. IIpm ypemuennu BeMYHHEI 3epeH MpoOuHOcTb ux MpHuManna Bospa 
CTaeT NPONOPUHOHAIbHO MepBO CTeMeHH JIMHCMHbIX pa3MePOB 3epeH, OTPbIBa 
1OllIHe %Ke CHIbI — IpONOPUMOHAIbHO MATOM CTeMeCHH STHX PasMepoB. 

Halvuve muleHKM allojiapHoro peareHTa BAOJIb TpextbasHoro MepuMerp: 
KOHTaKTa 3HaUYMTeJIbHO MOBbIWAeT NPOUHOCTh IPWHNaHNA 3epHa K MY3bIpbKy 
ITO MO*KeT ObITb CBAZAHO C OOpas0BaHHveM OOJbillero KpaeBoro yrvia cmMauH 
BaHUA aNOJIAPHbIM PeareHTOM C MMHepaJIbHOM MOBEPXHOCTbIO B 30HE Tpexag 
Horo KOHTaKTa. Bo3sMoxKHO TakxKe, YTO H3BECTHYIO POJIb urpaer yBeuMueHH 
9J1ACTHYHOCTH MOBePXHOCTH IysbipbKa MH TuCTepe3vica CMaUMBaHUA. 

MoKyMpyiollee WeUCTBHe AlOJIAPHBIX PeareHTOB MpHBOAUT K OOpasoBa 
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Puc. 2. Muxpodotorpapun 3epeH yria, 3aKpeMMBIIMXCA Ha MOBEPXHOCTH BOMbI, MWOcse 
KOHTaKTa C 9MYJIbCHeM amouwApHoro peareHuta (OKpallleHHOrO B KpaCcHbIM WBeT). 
a,6— x000; 6— x 300 


JAH, rt. 95, Ne 4, Kaaccen, Ilnaxcun 


MM10 Ha MOBePXHOCTH Ny3bIpbKa YCTOHYHBOM KOPKH, COCTOAMeH M3 OTLeJIb- 
ibIX 3epeH yruin. Takaa «PJOKyJapHad» dloTalua TakxKe cioco6cTByerT u3- 
SJIEUCHHIO B MeHy Oovlee KPyMHbIX 3epeH. 

HaOsofenist 10 BIMAHMIO allOJApHbIX peareHTOB Ha (p/lOTAIHIO CaMbIXx 
Ja3JIMGHbIX MHHepaJIOB — CaMOpOAHOHK Cepbl, MOWHOMeHUTa, THApOSoparmuta, 
pocHaTow HW Ap.— NOsBOuIAIOT CUMTAaTb, YTO ONMCAHHbIl MexaHu3M jelicTBus 
STUX PeaTeHTOB HMeeT LOCTATOUHO OGULMi XapakTep. 


Tlocrymuso 
30 XII 1953 | 


UMTHPOBAHHAS! JIMNTEPATYPA 


Sba it. aOadnon, A. PpymMK UH, KX, 4, B. 5 (1933); 3 BM, K aac cen, 
B. A. Mokpoycos, BBegenne B Teopuio duotauun, 19593. °B. UW. Kaac cen, 
JIEMCHTbI TEOPHH PNOTamHH KaMeHHBIX yrueH, 1953. 4 ]l. Tanmyaz, KX, 2,28. 0 
1931). ° 2. JI. Taamya, C. E. Bpecaep, lMopepxuocrupie apnenua, 1934. 
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Hoxrnage Akagemun Hayx CCCP 
1954. Tom XCV, Ni 4 


rEOJOrHA 
B, H. TOHbILAKOBA 


O NPOABJIEHHH TPANNOBOFO BYJIKAHH3MA 
B HOCJIEHHXKHEFOPCKOE BPEMS 
HA CHBHPCKOH MJIATPOPME 


(ITpedcraereno axademuxom J. H. Wlep6akoeoim 25 I 1954) 


3a nmoculeqHHe rolbl pALOM ucCcIeqoBaTemei Cu6upcKol nmaTbopMmst BBI- 
cKa3bIBaeTCA NIpeWMOOMKeUWe O BOSMOMKHOCTH IIPOABMeEHHA TpamnoBoro By.J- 
<aHH3Ma Ha CuOupCKOH MIaTPopMe B lopcKoe (MOCJeropcKoe) Bpema. OnHaKo 
3 JMTepaType OMHCHIBAaeTCA JIMUIb OLMH Cydal, CBUAeTeIbCTBYIONMMH O BHe- 
IPCHHH TpamnoB B OTMOMReHHA IopHI ('). 

IIpouspeqeHHble HAMM leTaJIbHble WCCJIEOBaHHA OTMCbHbIX OOHaKeHHit 
B BepxHem TeyeHHH p. H. Tyurycku (patou ycTpes pp. Bepxuet Kpuson u 
PupeHyay, WpaBoOepexkbe pyuba Topeporo) c BCKpbITHeM HeMocpeCTBeHHbIX 
SOHTAKTOB HM2KHEIOPCKHX MOpoq c TpannwaMu amH yOeRMTebHbIi Ma- 
repHaJl, CBHAETEIbCTBYIOUIMH O MpOABJICHHH TpalmoBoro ByJIKaHM3Ma Ha Cu- 
JHpCKOH MWwlaTPopMe B MOCJeHH*KHEeIOpCKOe BpeMa. Tak Harpumep, B 100 m 
HwKe ycTba p. BepxHew Kpupou, Ha mpasom Oepery p. H. Tynurycku, o6na- 
KaIOTCH [Ba Malka jua6a3a Cc BUAMMOM MOLIHOCTbIO OKOIO 20 M, MexK,LY 
SOTOPHIMH 3aKaT HeEOOJIbIION yYacTOK @JIOpHCTHYeCKH OXapakTepH30BaHHbIx 
TKHEIOpCKHX Topox*. [locsenqHue UpecraBJieHbl NepecaMBalouluMucnA 
TeCUaHHKaMH, OObIYHO paspyLWIeHHbIMH MOUTH B IeCOK, HM TOHKOMVJIMTYATLIMH 
IMHHCTHIMH CaHWaMu 3eJIeHOBaTO-ceporo Berta. 

BekpbiTve KOHTaKTa JaHHbIX MOpoy c TpaliaMyu NoKa3aJo, 4YTO WecCuaHHku 
{ CJAHUbI B HeMOCpeCTBeEHHOM KOHTAKTe UPesBbIYaHHO CHJIbHO O*KeJIe3HeHbI 
1 BCJICNCTBHe STOrO OKpPailleHbl B UHTCHCHBHbIM prKaBo-Oyppl user. Moii- 
JOCTb CHJIbHOrTO OKeJe3HeHHA UCUNCAeTCA BCeErO HECKOJIDKMMH CaHTH- 
metpamu. B 10—15 cm or KoHTakTa c 2Ma6a3aMu PIMCTHHbIe CAH WpHoo- 
JeTAIOT OYeHb MVIOTHOe CTpoeHHe MH 3esIeHOBaTO-Oypyio oKpacky. II]mornpili 
<apakTep NOpOs BbiepxKUBaeTCA Ha paccTOAHHN 0,5 M, a Jadlee MOABJIAIOTCA 
TOHKOMJIHTYATOe CTpOecHHe H *KeJITOBAaTO-3esleHad OKpacKka, MIpHcylax HOp- 
laJIbHbIM pasHocTam. B 1,5 M oT KOHTaKTa Cc 1Ma0a3aMH MeCUaHHKH UM CiaHILbl 
IpHoOOperaloT CBOMCTBEHHEI HM BU. TakuM OOpa30M, 30Ha 9K3OKOHTAKTOBOrO 
i3MCHCHHA UpesBblyaiHo Masia M ucuMCJIAeTCA BCero 1,5 M. 

Jiva6a3bl B HeMOcpesCTBeHHOM KOHTaKTe C Mec¥aHO-CJlaHWeBOH TOJIUeh 
‘AKXKe CHJIbDHO OKEJC3HCHbI, BCJIeMCTBHe Yero MpHoOperaior HHTeHCHBHYIO 
yypy!lo OKpacky. 

CrpyktTypa 4ua6a30B B 30He 50—60 cM OT KOHTaKTa C JOPCKHMH MoposaMu 
‘apaKTepH3yeTCH Upe3sBLIYalHO TOHKO3eEPHMCTbIM CTpOeHveM, XapakTepHbIM 
(I MOpUpHTOB, ClaralouwlHX AHMOKOHTAKTOBbI€ OTOPOUKM HHTPY3HBHBIX Ted 
ma6a3s0B. Kpome Toro, 0 MpH6JIM2KeHHM K KOHTaKTy C JOPCKHMH HoposaMu, 
aGoaeMad B WHaba3ax MapasenenuMeqalbuan OTAeNbHOCTh CMCHACTCA 


* Onpenenenun E. C. Pacckasosoi. 
1 JAH, rv. 95, Ne 4 857 


TIpeKpacHO BbIPAayKeHHOM WapOBON OTMeIbHOCTHIO, MPH S9TOM pa3sMep MlapoB 
ps 50 cM B QMaMeTpe pe3KO YMeHbillaeTCA B HeMOCpeACTBCHHOM KOHTAaKTe C 
lecuaHuKaMH JO O—7 CM B AMaMmerTpe. | 
B 1,5 KM Hwxe ycrpa p. Tupengay (aeppii Oeper p. H. Tyyrycku) Hamu 
BO BTOPOM CJly¥ae Obl] BCKPbIT HHTPy3MBHbIli TOPAYHM KOHTAKT IOPCKHX TICC- 
YaHHKOB Cc Wua6a30BbIMH Nopduputamu. Makpockomuyecku WaHHbie MWecua-| 
HUKH MIpeACTaBJAIOT CBETJIOCePOBATO-2KeJTHIe CPeMHESeCPHHCTbIe MOPOAbI, CO- 
jepxKalllve MWpocioH KOHTIoMepatTos. IOpcku BospacT MX MIpHHMMaeTCH Ha 
OCHOBaHHMM BHeIHerO CXOACTBa C (PJIOPHCTHYeECKM OXAPAaKTePH3OBaHHbIMH 1Op- 
ckuMu (J!*2) mecuanukamu PyfuucKoro Oopa, a Tak2%Ke Ha OCHOBAHMH TOYO, 
YTO ONHCbIBAeMbIM BbIXOL 3AHHMaeT MPOMeXKYTOUHOE MeCTONMOORKeHHe MOK) 
BLIXOJaMM IOpcKUx oTJOxKeHU PyguHcKoro 6opa Hu paliona ycTbx p. Bepx- 
Hei Kpuzou. ! 
Tiva6asopble MOpdupuTb! KOHTAKTHPyIOT C MeCdaHHKaMM B HallpaBJeHun 
20°+ C3 / 45°, mpvuemM mecuaHHku JlexKaT MO WHaOasoBbIMA NopPupuTamMy.| 
B HenmocpeACTBeHHOM KOHTaKTe C NOCJeLHHMM MeCuaHHKUM MpHoOpeTaiorT upes-) 
BbIYaHHO HeEOHOPOAHy!O OKpaCcKy HM H3 CBeTJIOCePpOBATO-XKeJITHIX CTAHOBATCH) 
MATHHCTLIMH 3CJICHOBAaTO-OypbIMH BCJIEACTBHe CHJIbHOrO OrKeJIesHeHHuA. Kpome; 
Toro, MeCUaHHKH CeKYTCA MAJIOMOLIHbIM MpOKNIKOM JHaOasoBoro Nopduputa' 
(MOUHOCTb ~ 5—7 cM), MpeAcTaBJIAIOWIMM, OYEBHAHO, alou3sy OT rlaBHoro 
WHTpy3uBHoro Tela. MoHocTb BCeH 30Hbl 2K3OKOHTaKTOBOrO H3MeHCHH A) 
OUeCHb HE3HAYHTeJIbHa HM He MpeBbilaeT 35—40 cm. | 
JiuaOa30Bble NOPPUPHThI B HeMOCpeACTBEHHOM KOHTaKTe C nectana aa 
pa3pylleHbI JO OCTPOyroJIbHOH MeJIKOM WeOeHKH H HaCTOJbKO CHJIbHO OxKe- 
JI@3HCHbI, YTO H3 TeEMHOSEJICHOBATO-CepbIX CTAHOBATCA Oyppimu. MourHoctTs 
30HbI 9HAOKOHTAKTOBOFO H3MeHeHHA HcuNCJAeTCA | M. 
B patoue pyaba Topesoro (noc. Opou ua p. B. Epeme) B yByx cuyyaaK 
BCKPbIT KOHTAKT 4Ha6a30B C MeCdaHO-KOHIJIOMepaTOBbIMH OTJIOKCHHAMH HHK- 
Hei topb!*. B ofHOM cCJIydae BCKPbIT KOHTaKT KOHTJIOMepaTOB C CeKYILKM 
TeJIOM 1Ma6a3za, NaawluluM B HanpaBseHHu 250—260° C3 nox yraom 25—30' | 
a BO BTOPOM CJlyyae WypdoM BCKPbIT MAJIOMOMLHbIM MulacrT WHab6a3a (MOIL- 
HOCTbIO B 40 cM), 3aJleralOlWMH CpeMH KOHTJIOMepaTOB IOpbI HU, HeECOMHEHHG.| 
ABJIAIOMMUCA AMOPUH3OH OT TlaBHOrO ceKyllero Tela WHa6a3zos. 
KonrsioMepaTbl B KOHTaKTe Cc 2Ma6a3aMH CHJIbHO OKpeMHeHbI (xXaJINelO-| 
HH3HpOBaHbl) H OkKeJe3HeHbl, a COMepmRallMecAH cpeqH HUX pocsoM mMecua-: 
HHKOB MeCTaMH HaCTOJIbKO CHJIbHO rpaHaTH3HpoBaHb! (Cc pasBHTHeM rpoccy- 
JIAPOBOrO CKapHa), YTO COCTaB HM CTpyKTypa UX He pacno3Haiotca. MouHocts: 
9K3OKOHTAKTOBOH 30HbI H3MCHECHHA BOJIM3H Cekyllero Tesla WHa6a30B OCTH-! 
raet 80 m. Iloqo6HbIe MOWIHOCTH SK3OKOHTAKTOBOrO H3MeCHeHHA, KaK U3BeCTHO,| 
Jia Tpannosn CuOupcKo niaTdopMbl ABJIAIOTCA HCKJIOUeHHeM. | 
B cBxa3H C STHM BCTaeT BOMpoc: yeM %Ke OOycOBeHa NOMO6HaA 3HaUH- 
TeJIbHaA MOULHOCTb 9K3OKOHTAKTOBOTO H3MeHeHHA? Muxpockomuyeckoe uccuie-! 
OBaHHe J\Ma6a3s0B, KOHTAKTHPYIOINAX C OMMCbIBAeCMbIMH cRapHApoBaHT nil 
NOPOMaMU, ABJIAIOWLMMMCA HCCOMHEHHBIMH CBHAeTe/IAMU KOHTAKTOBO-FHipo-} 
TePMaJIbBHOK JCATCJIbHOCTH JaHHbIX TpamnoB, MOKasaJlO, YTO NOCJeAHHe Mpe;-| 
CTABJIAIOT OJIMBUHOBbIeC Pa3HOCTH Wua6a30B, COMepKallMe 3HAYMTebHOe KOUJIM-! 
YeCTBO lalaroHuTa H OMOTUTA. | 
B cpere pasoOpanuoro upesBblyaHo OoubUOl MHTepec npemcTraBsaer vaki 
Ha3bIBaeMOe «aXTapaHAMTOBOe MeCTOpOKMeHve», HaxOMAleecn Ha wWeBo 
Oepery p. Busios B 4 KM HMKe ycTba p. AxTapangb. Kak u3Becruo, B paiioul 
MOCMe€LHerO Pa3BUTbI CKaPHOBble MOPOAb C pasBHuTHeM rpanata-rpoccyapa, 
BeJlyHTa HM BeCbMa HHTepecHOoro MMHepada elle HepasrakaHHol npupoyE -— 
«axTapaHauTa». J[aHHble CKapHOBbIe HOPOAbI COsepxKaT UHbEKILMH GnOTUTZO 
AepxKallux [Ha0asoB: BeCbMa BepOATHO, YTO CKapHApoBanHe MOpok specks 
TaKKE CBAZAHO C KOHTAKTOBO-FMpOTepMAJIbHON [eATeJbHOCTbIO HMeHHO OHnO- 


7% 2 c 
Ilo yernomy coo6menuio M. M. Onnnuosolt B onucprBaemoli ‘cis 
TOME ONPeAeeH CHOPOBO-MbIIbUeBOH KOMMMIeKC, XapakTepHBIit AA HWxKHel IOpEI. 
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‘cOWep K allux (1opcKux?) Wua0a3s0B, 2K30OKOHTAaKTOBOe BOSJCHCTBHeE KOTO- 

x (KaK HanOouee mlenOUHEIX PasHOBUAHOCTeH) *, BOSMOXKHO, 3HaUNTeABHO 

le¢€ HHTCHCHBHO, 4eM BOSHEHCTBHE OOBIUHDIX «HOPMAJIbHBIX» Tparztop. He- 

THCHHO, UTO HEMAJIOBaXKHY!O POJlb TPH 3TOM urpaJIM CekyUlHit xapakrep 

(Py3Hu uM cocTaB (43BecTKOBUCTEI?) 1 CTpyKTypa BMeULaloulux nopor. 
VWncturyt reonorun 


Hocrymuso 
Boctouno-Cu6upcKoro uanana 7 1 1954 
Akanemun nayx CCCP 


UHMTHPOBAHHAS JIMTEPATYPA 


71. C. Bensuxun, Matep. komucc. 10 u3y4eHnto Axytcx. ACCP, B. 23 (1927). 


Vimeromnecs B HalleM PaCNOPAKeHHH XHMHUECKHE AHATH3bI NaNarOHHTOB YKa3bIB alot 


mepmwanve K,O B namaronute mo 8%: B 6uoTHTe comepsKanHwe KO, Kak wu3BecTHO, 
raet 9%. 
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Hoxnagn Axkagemun Hayx CCCP 
1954. Tom XCV, N 4 


TrEOJOrHA 
P. Tr. AMATPHEBA 


O PACWIEHEHHH HW KOPPEJIAWUMU PASPE3OB MAMKONCKON 
CBUTbI BOCTOYHOrO NMPELKABKA3bA 
NO KOJIJIOHMHO-THCHEPCHbIM MA HEPAJIAM 


(ITpedcraereno akademuxom C. H. Mupoxosoim 28 I 1954) 


PaculeHenve MalikoncKoli CBHTbI Ha CepepHom Kapkase BBU,Y ee 6emHO- 
‘M OpraHH¥ecKHMH OCTaTKaMH OCHOBAHO, KaK H3BeCTHO, Ha JIMTOJOrHYeCKHX 
MsHakax (°, °). IIpHsHaku 9TH 3aKIOUaIOTCA IIpeHMYIIeCTBeHHO B Xapak- 
pe pacipesewIeHHA MeCuaHHCTOCTH, B TeKCTYPHbIX OCOOeCHHOCTAX TJIMH, B 
AIHYHH BKJIIOUCHHH pa3sJlM4HOrO HeTporpaduyeckoro cocTaBa OT CHAeDATOB 
) H3BECTKOBHCTHIX JOJIOMHTOB HM CelITapHeBbIX MepreJIbHbIX KOHKpPeuni. Cute- 
JeT OTMeTHTb, OJHAKO, 4YTO MepeuHCJICHHble JIMTOJIOTHUeCKHe MPH3HaKH, OCO- 
sHHO TaKOH CYHICCTBCHHbIN JIA MAHKOINCKOM CBUTbI, KaK XapakTep pacripe- 
eJICHHA MeCYaHHCTOCTH, JOBOJIbHO pe3KO H3MeHHIOTCA TO MpocTupauuto. Ta- 
IM OOpa30M, HCHOJIb3OBaHHe JIMTOMOPHYeCKHX JaHHbIX JIA 3aqay pacuwieHe- 
if HU KOPpeJIAWHH MaWKOMa IpeAcTaBaeT HepeAKO OoOUbIUve 3aTPyAHeUNA. 

Tlonbirku noyspa3szesieHuA MAMKOMCKOW CBUTHI 10 NeTporpaduyeckuM MpH- 
iakaM mpopoyuaucs M. ©. Oununmopon (°), C. A. Baaronpapospm (!) u mp. 

OCHOBy MeTporpaduyeckHx HCCJeMOBaHHH Ha3BaHHbIMH aBTOPaMH Obi no- 
2KEH HMMEPCHOHHHIN MeTOR H3YYeHUA TePppHIeHHbIX KOMMOHEHTOB TAXKEIDIX 
JerKux Ppakuuk, pasmepom 0,25—0,1 mm. Bce xe yKa3aHHbI MeTOR, Mo- 
JIbHO a:PeKTHBHHI MO OTHOIICHHIO K MeCUaHO-aJIeBPHTOBLIM MoposaM, MaeT 
CbMa H€3HAUHTEJIbHbIe Pe3yJbTAaTbI pH USYYeCHHH IMHUCTHIX OOpa3s0BaHHH, 
1O2KCHHbIX B OCHOBHOM KOJIJIOMHO-JHCHepCHBIMH MHHepawlaMH. ITUM B Mep- 
yO OUePeNb HU OOSACHACTCH, YTO TJIMHUMCTHIeE NOPOAbl MaWKONCKOM CBUTHI, 
CTABJIAIOUIMe TIaBHYy!O ee YaCTb, OCTaJIMCb JO CHX MOp HaWvMeHee H3yueH- 
IMM C TOUKH 3PeCHHA MHHeEPaJOrMyeCKOTO COCTaBa HX KOJWIOMAHEIX (paki. 

IIpeqmaraemaa paoota, ABJIAIOUlaAcA MepBow MOMbITKOH M3y4eHHA KOUJI- 
OU IHO-MCMepCHbIX MMHepaJIOB MalkorcKHx run Bocrounoro I[Ipeyxkas- 
A3bA, UMeJla CBOeM IebIO BbIABJIGHHe HOBbIX JOMOJIHHTCJIbHbIX «PyKOBOLA- 
(MX»> IIPH3HAKOB JIA 3aay pacwieHeHHA WM KOppeJALHM paspe30B MalKOI- 
<OH CBHTHI. 

Ms3yyuenve ruIMHUCTbIX MUHepasJIOB MaHKONa IIPOBOHJIOCb HAMM IyTeM IIpH- 
CHeHHA MeTOa OpraHHyeckux KpacuTeset H. E. Beneneepot (*). pu ana- 
A3€ TJIMHMCTHIX MOPO MbI MpPHMeHAUM MeTHJICHOBbIM TOyOoK c mocwezy10- 
WM JOOaBJIeHHeM K CYCNeH3HAM HacbIlleHHoro pacTBopa KCl. Musepauo- 
AUeCKHM COCTaB KOJWIOHAHOH uacTH riHH <_0,001 MM onpeneasnnca HaMuH, 
apALy C OKpallMBaHveM, TakxXe Ip MOMOLIM HMMEPCHOHHEIX X%KUAKOCTeH B 
rPperaTax OPpWeHTHpoBaHHbIx yacTuy (cpesax) (3). Pesyaprartpi OKpallMBa- 
Ad TMH YBASHIBAJIMCb, KaK MpaBHJlO, C JaHHbIMM OMNTHYeECKHX UCCJIeELOBaHUh, 
marofapa ueMy MbI MoJlyuMIM GOoulee HaexKHylO MMarHOCTHKy JIMHHCTHIX 
MHepaJOB. 

Jina uccseqOBaHHua ObIIM B3ATHI OOpasiib!l MIMH MAMKOMCKOM CBUTHI IO CJle- 
yioulum paspe3am Bocrounoro [Ipeqkapkaspa: p. Cysak, OypoBble CKBa- 
‘“ubt Kuposckoro paliona, p. Apryu, p. Texu, p. Accbr (BocrouHaa 4acTb 
3yYeHHOH TeppHTopuu), p. Puar-gou, p. Ypyx (sanamuaa yacTb). OOpasiiel 
opom OTOUPaJINcb B cpeqHeM yepes 6—8 M. Takum o6pa30M, B BOCbMH Mepe- 
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YHCJICHHEIX paspe3aX, MOILHOCTbHIO KaxKALI B cpetHem oKOO 800—1200 
6bIIO U3y4eHO Gosee 1800 OoOpasuoB NopoL. 

B pesyuibTaTe W3yYeHHA TIMHMCTEIX MOpO, MaKONCKOM CBHTDI Meroe 
OKpalluBaHus, a TakrKe UCCJICMOBAHHA UX B MMMe€PCHOHHDIX XKHAKOCTAX Hal 
OTMe4eHa ONpeeeHHad 3OHAJIbHOCTh B BePTHKaJIbHOM paclipesevieHHH Ki 
JOM HO-HCHepCHbIX MHHepasioB. OMHOBpeMeHHO C STHM HaMeUaloTCHA Taki 
HeKOTOpble H3MCHCHMA B HX COCTaBe MO MpocTHpaHulo. 

Bo Bcex HCCJIeMOBaHHbIX pa3pe3ax MalkKoma Ha M3y¥eHHOH TeppuTop) 
Bocrounoro IpexkaBka3ba BbITeIAIOTCA UeTbIPe MHHepaJIOrMyecKHe 30H, C 
OTBETCTBYIOMHe BMOHe ONpeeJIeCHHbIM CTpaTHrpaduyecKHM TOPpH30HTaM M 
KOMCKOM CBHTHI. 

Hmwxe culenyer onvcanve BbIeJIeHHbIX HAMM MHHepasIOrHuecKHXx 30H (CHM 
BBepx) *. 

IlepBaa 30H a— HJJIHT-MOHOTCpMHTOBAA OXBATHIBaeT OTJIOMCHHA HHI 
Hero Malikorlla (XAaQyMCKHH, MHMaTIMHCKHH, HWKHUH TIMHMCTbIM H MYM 
KaJIbCKHM TOPH3O0HTbI) HW XapaKTepH3yeTCA BO BCeX H3YYCHHHIX paspe3ax B 
TOUHOH wacTH pawOHa OMHOTHMHbIM MHHepaJIOrHyeCKHM CBOMCTBOM ee 
HOH UYaCTH JIMH, MpeAcTaBJAA 3ecb B OCHOBHOM THApOCJIOAMCThle TIM 
MJLIHTOBOrO H MOHOTepMuHToBOro Tuma. IlocueqHAa pa3SHOBHAHOCTb IIMH 30 
OKpallIMBaeTCA METHJICHOBbIM TOJYObIM B CPHOJIETOBO-CHHHH HM CHHHH UB 
KOTOpbI OT WOOaBseHua KCl cranHoputca cuHe-rowy6bim u rosyO6nim. Ilo 
3aTeJIM TIpeJIOMJICHHA arperaTOB 9THX TVIMH, MOJIYYeCHHBIX MPH Cpesax, 3M 
pAIOTCA B Mpememtax 1,558—1,560. [ugpocmoyuctbie riIMHbl WJWJIMTOBOTO TH 
OKpallMBaloTca B Te Ke (PHOJeTOBO-cHHHe MH CHHHe WBeTa, KOTOPble, OLHaK 
KaK HpaBuJio, OT MOOaBseHHa KCl ne u3mensiotca. [loka3aTeH mpesomi 
HHA arperaTOB HecKOJIbKO Huxe 1,600. 

B 3anaqHow uacTH paHoHa B yKa3aHHOH 30He Ha6JIOAawTCA HeKOTOP! 
U3Me€HeCHHA B MHHepadlorHyecKoM cocTaBe ruiMH. Hapszy c OCHOBHOH HT! 
MOHOTeEPMHTOBOH aCCOlMalWeh 3/eCb 3HAYHTeJIbHYIO POJIb HAYHHAIOT MpHo! 
peTaTb Oe eJJIMTOBO-rHApOCIOANCTHIe MIHHbI. Beliwemiur ** Berpeaaetcsa Ka 
IIPHMeCb K HJIJIMT-MOHOTeEPpMHTOBbIM TVIMHaM, XapaKTepH3yA TIMHbI CMella 
HOrO MHHepaJIOrHyeckoro CcocTaBa: HJJIMT-OelesIUT-MOHOTepMuToBple. IIp 
Mecb OeHeJWIMTA K THApPOCMIOaM BbISbIBAeT OKPaCKY ME€THJICHOBbIM TOJTyOb 
OT CHHHX JO CHHe-rovlyOblx WBeTOB HU OT MOOaBsenna KCl — no roay Coram 
3eJICHbIX OTTCHKOB. B culyyae, ecJIM BIuIMHaX NpeoOJlaqaeT OetimennT, cycne 
3HA HX C MeTHJICEHOBLIM rowyObimm + KCl oxpalimBaeTCaA B 3eCCHbIi BET. 

Bropax 30HA—HVJWIMTOBaA COOTBeETCTByeT aAPryHCKOMy HM aJKky, 
CKOMY TOPH3OHTaM H OTJIMUAeTCA HEOObIKHOBEHHbIM IIOCTOAHCTBOM MHHEpam 
PH¥eCKOrO COCTaBa JIA BCeH MCCeqOBaHHOH Mioulann. TMHbI B yKa3aHHe 
30HE BbIPaXKeHbI HCKJIOYHTECJIbHO PHAPOCJOAaMU UJJIMTOBOTO COCTABAa C BeECbM 
PeAKHMH MpoOcJIOAMM IvIMH MOHOTepMuToBOrO Tua. B MeTusIeHOBOM roJy6o 
WJWIMTOBbIe TIMHbI OKPalMBalOTCA B CPHMOJIETOBO-CHHUM WBeT, Ipuuem mocue, 
HHH He H3MeHHeTCA OT BOOaBsenna KCl. Tloxasateu mpelomiaeHua arper: 
ToB 1,595. 

Unrepecuo OTMETHTb, YTO NOJYYCHHaA WIA apryHCKOrO HM auKyHCKOrO Fr 
PHSOHTOB MHHepaJIbHaA XapakTepHCTHKa KOJWIOHMHOM YaCTH PIMH HaCTOVIbE 
OTYCTIMBA, YTO MOMKeT ObITh HCMOMb3OBAHA TIA WeMek PUuKcaluu UX rpaHny 
axKe B TOM CJly¥ae, KOra POPH30HTHI STH (HJM OHH U3 HHX) He MOTyT ODN 
BLITCJICHbI B pa3spe3ax eCTECTBEHHBIX OOHAKeHHHM NO MHTOMOrMYeCKHM Ja) 
HBIM. Tak, B paspese p. Accbl apryHCKH ropH30HT, Kak M3BeCTHO, He BbIseuE 
M OObCAMHEH C OTJIOXKCHHAMH MOMCTHMAIOWINX ero POPH30HTOB B TaK Ha3! 
BaeMylO «Me€C4aHO-IVIMHUCTYIO TOJILy> HM>KHero Malikona. B pesyaprate ml 

CJIOMHOPO H3Y4eCHHA paspesa OTMORKCHUA APPYHCKOPO TOpH3O0HTa GObWIM BCe ¥ 


BHEITeJICHbI HAMH 3feCb NO HaJIMYMIO THAPOCJIIOAMCTHIX PVIMH MCKJIIOUMTeJIbE 
HJJIATOBOTO COCTaBa. 


* Pacunenenwe MaHKONCKO CBUTH Ha TOPH3OHTHI MIpMBOAUTCA NO crpatTurpaduyeck 
cxeMe, IIpHHATOH B Tpecte «I posHedrepa3sBeska». 

** Ton 6eHennHTOM MbI NouHMaem cormacHo M. ®. Buxynosoli (4) npoxyKT moctene 
HOrO H3MCHEHUA THApOcMoL. 
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Tpetba 30H a — MOHOTeEpMHT-HJIITOBAH B OCHOBHOM COOTBETCTByeT 
ACCHHCKOMy ropusonTy. Munepasoruyeckuii cocraB KOJWIOMAHOH uacTH ray 
BOCTOUHbIX Pa3pe30B XapakTepH3yeTcaA TUApOcMO_aMU UMTOBOrTO HU MOHO- 
}TepMHTOBOrO Tuna. B paspesax 3amaqHol YacTH palioHa TpeTbaA 30Ha OTJH- 
‘““aeTca TEM, YTO 37eCb K MpeoOMayalouwlHM TIMHaM MOHOTepMUTOBOrO TuMa 
} HepeKO IPHMEIIMBaeTCA OeCHeMIUT, OOpasyxA TeM CaMbIM PVIMHbI CMelwaHHOrO 
| OciieMT-MOHOTepMuTOBOrO cocTaBa. IIpu3HakH OKpaluuBaHud TMHMCTEIX 
MHHepaJlOB OMHCbIBAeEMOM 3OHbI, a Take ONTHYECKHe MaHHbIe HX OCTAaIOTCA 

AaHaJIOrHUHbIMH MIPHBeeHHbIM JIA MepBoli 30HbI. 

| Tosopa 0 crpatTurpaduyeckom oObeme TpeTbel 30HbI, ClemyeT OTMCTHTD, 
4TO KPOBJIA ee BO BCeX MCCJIeEMOBaHHbIX paspe3ax coBMamaeT C BepxHel rpa- 
-HMIeH accHHCKOro ropH3ouTa. panuula 3Ta ABJIAeTCA, CJICMOBATeJIbHO, BeCbMa 
|} ycTOHUMBOK M MOcTOAHHOH. B TO Ke BpeMaA NOMOWIBa 3OHHI, PUKCHpyemaa MO 
} ZAHHbIM KOJIJIOHHO-AUCHepCHbIX MHHepaJIOB, He BCerfa COBMamaeT C HHKHEeH 
rpaHuleH aCCHHCKOrO TOpH30HTa, a MHOra OMycKaeTca HuxKe ee. Ilo706HOe 
pacxo*KeHhe MexXAy MOLOMBOM TpeTbeH 30HbI HU HWKHeM rpaHuuel accHH- 
CKOTO FOPH3OHTa BbISBaHO, BOSMOKHO, HeTOUHOCTbIO MpOBeeHuA Yrpanull 
M@X]y TOPH3OHTaMH IPH PeoJlorHyecKOH CbeMKe BBUAY CXOMHOFO MMTOJOFH- 
yeckoro COCTaBa HH2Ke HW BbIle Jle*KallHx IHH. TakuM OOpa30m, MosBsIeHHe 
PHAPOCIIOMHCTHIX PIHH HJIJIMT-MOHOTeEPMHTOBOPO THA, JIexKalHX BbIMe WJVIH- 
TOBbIX [JIHH BTOPOH 30HbI, NO3BOJIAeT OoJIee TOUHO YCTAHOBUTb MOMOWIBY accHH- 
CKOrO TOpH30HTA. 

: UeTBpeptaa 30H a— G6eleNIHTOBAH COOTBETCTBYeT HCKJIOUMTeIbHO 
3yPaMaKeHTCKOMY TopH30HTy. TIMHb! STOM 30HbI OTHUAIOTCH, KaK TpaBuso, 
SHAYHTeJIbHBIM IIOCTOAHCTBOM MHHepaJlorMyeckoro cocTaBa WM xapakTepH3y- 
JOTCA TOJIbKO OelieIHTOBLIM THOM. HekoTopbIM HCKJIIOUCHHeEM B 39TOM OTHO- 
IWeHHM ABJIAIOTCA JIHIIb pa3pe3pi mo pp. Texu u Accpl. 3fecb, Hapany c mpe- 
O61aqa‘wulHMH OelieJJIMTOBbIMH TIMHaMV, BCTpeyaloTCA TvIMHbI C HJWIMT-MO- 
HOTeEPMHTOBOH accollwallvel, HMeloulve, OHAKO, BECbMa UOMYHHEHHOe 3Haye- 
He. BetifesuToBble TIMHbI yKa3aHHOM 30HbI MeETHJICHOBbIM TOJIYObIM OKpa- 
UIHBAIOTCA B OOJIbINMHCTBe CJly¥aeB B 3eJICHbIN UBeT, Ca60 H3MCHAIOUIHHCA 
oT m06ansienua KCl B cropouy He3HauHTeJIbHOrO ycuJieHua OKpackH. IloKa3a- 
TeJIM IIpeJIOMJICHHA arperaTOB MeHAIOTCA B Mpegemax oT 1,530 yo 1,560. B cay- 
dae TIpHMecu rHApocsoN Sev AeJIMTOBbIe TIMHbI 3eCb OKpallIMBaloTCa MeTH- 
JICHOBbIM TOJYObIM B IpA3HOBATO-CHHe-3eJIeHble OTTCHKH H OT MOoOaBseHHA 
KCl cTraHoBATCA ACHO 3eJICHbIMH. : 

Bce u3JI0%KeHHOe NO3BOJIAeCT MPHATH K BbIBOLY, 4TO B pe3yJIbTaTe H3y4eHHA 
| KOJIOHHO-MCHepCHbIX MMHepaJIOB MaKOMNCKHX TJIMH MOXKHO pac4WIeHHTb 
MAHKOMCKy1lO CBATY Ha UeTbIPe 30HbI, JOBOJIbHO OTUeCTJIMBO MpOcsexKuBAalO- 
ulMeCA Ha CpaBHHTebHO OoNbUIOH noWann Bocrouxoro IIpeqKapKaspa. 
'Hau6oulee xopoulo BbIZeAIOUIMMUCA 30HAMH Ha M3yYeHHOK TeppUTOPHH ABJIA- 
OTCH: BTOPad — HVJIMTOBAA, OXBaTHIBAIOWlad apryHCKHM M aJKYHCKMM TropH- 
3OHTHI, HM YeTBepTad — OelieNIUMTOBAA, COOTBETCTBYIOINaA SypaMaKeHTCKOMY 
ropu30uTy. YkasaHHble Be 30HbI MOFyT CJIYKUTb OMOPHbIMH penepamu IIpH 
KOPpeJIAIMH reoJOrHyecKHX pa3spe30B MaHKOMCKOM CBUTbI MO MpHsHakaM KOJI- 
 JOWUHO-AMCHepCHbIX MHHepaJOB. 

B 3aksoyenve MpHHolly 6maromapHocth M. A. Pateesy 3a WeHHbIe yka- 
3aHHA HM COBeTHI Ipu MpoBeseHuu HacTosleH paoorTHl. 


Tposneucknh HedtaHo Hay yHO-HcCeqOBaTeIbCKUH Tloctymus0 
HHCTUTYT 10 MOOblye HeETu 23 1 1954 


UMTUPOBAHHAS JIUTEPATYPA 
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Aoxnage Akagemun Hayx CCCP 
1954. Tom XCV, N 4 


TEOJIOTHA 


JI, Ti. MOHAXOBA 


|X BOMPOCY O CTPATHFPA®HM HW)KHEM YACTH YIJIEHOCHbIX 
OTJIOWKEHHMW KAPBOHA KAPAFAHAHHCKOLO BACCEMHHA 


(ITpedcraezexo akademukom JI. B. Haauexunoim 25 I 1954) 


Mmeroleca B HACTOAIee BPCMA B JIMTepaType LaHHble no crpaTurpaduu 
WxKHeH YwacTH yruyieHocHoH Towmu KaparaHguuckoro Oaccelua (!, &§) 
‘BOMATCA K CJle,yIOUleMy: yrJIeHOCHad TOJMla JeKUT Ha 'BePXHeTYPHelCKUX 
TEpeCKTHHCKMX CJIOAX, cCofepxallMx dayHy ronuaTutoB Muensteroceras 
azakhstanicum Libr. u Pericyclus asiaticus Libr., 4 HaumMaerca akKyyK- 
°KOH CBHTOH, B BepXHelt UaCTH KOTOPOH HalieHbl ronuaTuTH Gonioloboceras 
asiaticum Libr. u G. (Milleroceras) atratum Libr. Bospacr roHuaTuTos, m0 
JaHHbIM JI. C. JIu6poBuya, He ApeBHee BePXHETO BH3e. 

TlepeuvcueHHbIMM BbIMe aBTOpaMH BO3paCT aKKYAYKCKOM CBHTbI ONpeye- 
NMACTCA Kak BePXHeTypHelickult. Ha akkKyAyKCKO CBUTe COrIaCHO JI@KUT ailll- 
MApuKcKad cBuTa. Jia OTMOMKeHMH AllIAPHKCKOH CBUTbI XapakTepHO MpHcyT- 
icTBMe OoraToH dayHbl Opaxuonoy. Bospacr HuxHeH YacTH ee, MO aHHbIM 
A. M. Cumopunua, BepxHeTypHelickuli H BepxHelt — HH>KHeBHB3elCKHH. Co6pax- 
HbI B NocmeqHHe romp A. A. IlerpeHko 4 aBTOpoM cTaTbH OOWIMpHbI Pak- 
THUCCKHH MaTepHad BHOCHT 3HaUHTeJIbHble H3MECHCHHA B, CYLICCTBYIOWLYI0 CTpa- 
Turpaduyeckylo CxeMy. 

ABTOPOM HacToslleH CTaTbu Obla OOpaboTaHa KOJWICKWHA POHMATHTOB 43 

TeEPCKTHHCKHX CJIOCB WH AaKKYYKCKOM CBHTbI, a HeCKOJIbKO paHblille ObIJIM 
MsyyeHb! OpaXHONOAb! allimapukckoH cBuTH (*). B pesyabrare oOpadoTKH 
ayubl MbI HMeeM CJIeLylollMe MaHHbIe O BOspacTe MepeUWCJIeHHbIX BBbILlIe 
CBHT. 
_ 1. Tepextuuckue caou. B Kaparanquucxom OacceHe y Mor. 
Bati-Boca B TepeKTHHcKux coax BeTpeyarotca Muensteroceras kazakhstani- 
cum Libr. u Pericyclus asiaticus Libr. B 6acceltHe p. Aumu-cy y Mor. Kuip- 
TbIH Haliqeup1 Muensteroceras kazakhstanicum u Merocanites djaprakensis 
Libr. Payny Muensteroceras u Pericyclus JI. C. JIm6posuy cyntam BepxHe- 
TypHelicKoli, HO B HacTOAlee BPeCMA, COrIACHO YCTHOMY COOOLLeHHIO, OH CKJIO- 
HEH CUMTATb ee HMKHeBHZeHCKOH. MMeroulNecaA B HAaLeM pacnopaAxKeHUuH WaH- 
HbI€C POBOPAT TakxKe B NOJb3Y HA2KHEBUSeHCKOO BOSpacTa TOHHATHTOB TepeK- 
THHCKUX cIOeB, Tak KaK Merocanites djaprakensis sBJaeTCA PykKOBOAAILeH 
dopmoit AuIa HU30B BHu3elicKoro apyca B TxHpb-[aue (?). : 

B 9THx 2Ke COAX BCTpeyaetca cpopMa, Oum3kaa K M. kazakhstanicum, 
M. kazakhstanicum Libr. var. sonculica Libr. Hakonen, mo p. Kumuax 
M. kazakhstanicum nafizeu H. B. JInrauHosny copmectHo ¢ (ayHol Opaxuo- 
Mo, Hu KopasWIOB HH2KHEeBuBelCKOrO BOspacTa. TakuM OOpa3oM, Bo3pacT Tepek- 
THHCKHX CJl0e€B OlpeesneTCH Kak HU3bI BUSeMCKOTO spyca. 

2. AKKYRMYKCKAA CBUTA4 JeKUT HEMOCpesCTBeHHO Ha TepeKTHHCKUX 
COAX MH 'B ee BepXHel uacTH, B ropax TepeKTbI, B He HalieHbI Goniolobo- 
ceras asiaticum Libr. u G. (Milleroceras) atratum Libr. 
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B Oacceltve p. Ally-Cy B OTJIOMKCHHAX, COOTBETCTBYIONINX, BepOATHE 
aKKYMYKCKOi CBUTe, OOHapyxenp! Beyrichoceras micronotum (Phill.) | 
B. obtusum (Phill.). | 

@ayuy Gonioloboceras JI. C. JIu6posuu (*) cumTraeT He WpeBHee BepxHe 
Buse. Bnepsble HalieHHble B aKKyyKckoH cBuTe Beyrichoceras yka3blBa 
Ha BePXH CpeAHEFO WIM HU3bI BepXxHeBUselicKoro aApyca (°%, '°). BospacT akky 
LYKCKOM CBUTbI MOXKET ObITh OMPeAeJIEH MPOMeXKYTKOM OT HH30B HUKHELO BUS 
JO BEpXHeroO BH3e€ BKJIIOUHTEIbHO. 

Cnon c Gonioloboceras u cou“ c Beyrichoceras mpvHypoyeHbl K Bepxal 
AKKYRYKCKOM CBUTbI, HO OOHAPYXKeHbl B PasJIMYHbIX PahOHAX, NOOTOMY B3ak 
MOOOTHOIeHHe HX NOKa HeH3BeCcTHO, 

3. AWA APUKCKAK CBUTA NO tayHe GpaxMonod MOxeT ObITb COT 
CTaBJIeHa C HMKHCBH3eliCKUMH HUIMMCKMMH CJIOAMH, BbI-AeIeCHHBIMH B Kasa 
crane JJ. B. Hanusxunpim (5). W3yyennaa Hamu (*) dbayna Opaxuono 
alLIAPUKCKOH CBHTbI yKa3bIBaeT Ha HH2KHEe- UM CPeCMHEBHSeEHCKMHM BO3pacT Ca 
TepK aux UX OTJIOX*KeHHH. | 

H3 cKa3aHHOro MOXHO BHIBECTH 3aKJIOUCHHe O TOM, UTO KaK aKKyyKCKa 
TaK WM allJIAPHKCKaA CBUTbI OTHOCATCA NO BOspacTy K BH3eHCKOMy BpeMeH 
CreqoBaTesbHO, 3TH CBUTbI OMHOBOSPAaCTHbI WU MpPeACTAaBNAIOT COOOK JILL 
pa3JIMuHble (balun OJHOBO3PaCTHbIX OTJIOXKeHHH, B KOTOPbIX MOXKHO passuyatT 
POHHaTHTOBy!0 (allio — akKyAyKckylo M OpaxHOMOOBy!o — allJIApHKCKy 


Huze) kapaeandunckou 53 8 a |Gonioloboceras | 
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Puc. 4. Cxema cooTHOWeHHA dayyH HWKHeM YacTH YyrIeHOCHOH TOM 
KaparaHaquuckoro OacceHHa M ero BOCTOYHOrO NpoxowKennA. J —TroHMaTHTHI, 
2 — Opaxnonoybl 


[IpemnouaraeMoe COOTHOWMeHHe (aluu WIIOCTpHpoBaHO Ha MpHaraemofli 
cxeme (cM. pwc. 1). TouvaTuropaa akkyyKcKkas (pallua WIMpoKo pacnpocrTpa- 
HeHa B BOCTOYHOH HM lOro-BOCTOUHOH uacTax KaparaHaMuckoro Oacceliva u = 
GacceliHe p. Autu-cy (k Boctoxy or Kaparauyuuckoro Gaccelina). Ha cepepe 
WM gallage OacceHHa aKKyYKCKad CBUTa C TOHHaTMTOBOM tbayHou HeHsBeCcTHAa 

B 3akiioueHHe HeEOOXOAMMO OCTAaHOBHTbCA Ha PeOsOrMyecKHX MpeMNOCbIU- 
KaX, IMO3BOJIHIOWMMX AKKYAYKCKYIO HW aUlWIAPMKCKYIO CBUTbI CUMTATb OJHOBOS- 
pacTHBIMH. . 

1. Heuspecruo Hm ofHOrO paspesa, Me Obl Ha OTIORKeHUAX BepXHelt uacTy 
aKKYTYKCKOH CBUTbl C TOHHATHTOBOH (ayHOH JeKasla alllIApHKCKadA CBUTA. 
Kak lpaBHJl0, B paltoHax paclpocTpaHeHHaA aKKYJYKCKOM CBHTbI C TOHMAaTH- 
TaMH BbIMeTeKallve OTIIOMKCHAA OTCYTCTBYIOT. 

2. MOUulHOCTb AKKYAYKCKOM CBUTbI B pasMYHDIX YacTAX GOaccelina pasHU- 
Ha. B pocrounol uactu Oaccelina, re akKyyKCKand CBUTa MpemcTaBlena HaH- 
Ooslee MOHO, MOWMHOCTh ee WocTuraeT Somee 1000 m. B wentpasmpuolt yacry 
OacceliHa CKBaxKHHaMM TulyOoKoro OypeHHA BCKPHITHI alWIAPHKCKad VM akKky- 
aykckad CBuTHI. MoutHocrb nocseqHel oKono 700 m. TonuatutTet B akKyAYK- 
CKOH CBHTe He HavJeHbl A MOXKHO TPeANOJOKUTb, UTO BEPXHAA YaCTb 3aMe- 
WeHa alllJIAPHKCKOM CBUTOH. 

3. AkkyAykKcKaad CBUTa pa3sBHTa He MoBcemecTHo. Bo muorux paiionay 
KasaxcTaHa Ha BepXH€TYPHelCKMX M3BeCTHAKAaX G6e3 NepeppiBa JexKaT HWKHe- 
BUSeHCKHe COM C (ayHO Opaxnonol, MHOMHe BHALI M3 KOTOPbIX XapakTepHD 
VIA AUWIAPHKCKOH cBuTHI KaparanyuucKoro 6accelina. 
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[IpuBexenubie HOBbIe AaHHble 10 (ayHe aKKYAYKCKOM HM aUWIAPMKCKOL CBUT 

i [ipeqmooxweHHe 06 UX ONHOBO3PACTHOCTH ycTpaHAIOT CylllecTBylollMe pas- 

HOraCHA B ONpeeeHuM BOspacTa CBUT MO pa3MYHbIM rpymiaM (payu, Ho 

_ HYK/JaloTcA B NOATBEPKACHHN eTAaIbHOH CbEMKO! HM MOMOMHUTCbHbIM COO- 
- poM MaTepHauta. 


Toctynuso 
| 20 I 1954 
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Toxaagn Anxagemuu Hayrx CCCP 
1954. Tom XCV, N 4 


TrEOJOrHA 


A, H. MOCKBHTHH 


) O CBA3H TEOMOP®OJIOPHH C COBPEMEHHbIMH JIBXKEHHAMHM 


SEMHOM KOPbI B CPEXJHEM NOBOJIDKbE 
([Tpedctaeaexo axademuxom JI. H. Ilep6axoeeim 2 II 1954) 


B 1948 r. J]. K. Augpees (') BMecte c KOJIMCKTHBOM reOOroB HpakTHKOB 
BHUTPH, wa ocuopaHMM aHHbIX CTPyKTYPHbIX CbeMOK, IIPHIed K BbIBOLY 
O COBNaCHHH PeYHbIX JOJIMH C CHHKJIMHAJIbHbIM, a BOMOPA3ZAeJIOB C AHTUKJIU- 
HaJIbHbIM 3aJIeraHHeM clOeB. OcoOeHHO pe3KO COBMawenHHe pesbetba C aHTH- 
KJIMHaJIbHBIMM CTPyKTypaMH BbICTyMaeT B MeCTAX IIPHCYTCTBUA TJIOTHbIX Opo- 
HMpytollux nopox. Cosmamenue MOHATHHM C BbICIIMNMM TOUKaMH BOMOpasse- 
JIOB YCTAHOBJICHO B HH30BbAX p. Cypbl, Ha Oxcko-LlHuHckoM Basle H B OOJa- 
ctu Kepencko-YemO6apcKux nNomHATHH. ABTOp eaeT 3aKJIIOYeHHe O TOM, 4TO 
IIPHYMHOH COBMaeHHA TEKTOHHKH C peJIbe()OM BCIOAY ABJIAIOTCA BePTHKaJIb- 
Hble JBHKCHHA, TJIAIIHeCaA 10 HaCTOSIee BPeMA. 

OTO 3aKJIIOUeHHe MOXHO CUHTATb BECbMa BePOATHBIM, XOTHA MpHBeeCHHbIX 
ABTOPOM J[aHHbIX HeMOCTATOUHO JIA BbIBOMOB O COBPCMeHHBIX BH XKEHHAX. 
Kak noxa3aHo B. B. JlamMakunpm (3, +4) w Hamu (°), guIalliMeca M COBep- 
WarolluecH HbIHe TEKTOHMYeCKHe JBHXKeCHHA Jlerue BCePO y3HaIOTCA MO BHA 
pycla peK WH HX JOH. 

JlommHa “ pycio cpemHero TeyeHHe Bourn atwoT B 9STOM OTHOLICHHH 
ipeKpacHble IIpHMepbl, MOKa3bIBad, YTO TeEKTOHMYeCKHe JBUXKCHHA B 9TOIi 
yactH PyccKoli paBHHHbl, IPOABHBUIMeCA B TpeTHUHOM Tepuose, Ip oOpaso- 
BaHuu YKuryelH, H B APyrHX MecTax, MpOMoWKalIoTCA MW B Halle BPeMaA. 

Kak IUIMpOKO M3BeCTHO, Ha JIeBoGepexbe Boru paccTusaiorcs aJJOBH- 
aJIbHble HH3HHbI B Bue WIHMpOKOM 3aMBHOH MOHMbI WH HeECKOJIbKMX HaMOl- 
MeHHBIX Teppac. Ha mpoctpauctTBe oT r. SeueHomObcKa MO Vr. XBaJIbIHCKa 
HaMH BbIeEICEHO HATb HaMOMMeHHBIX Teppac. Mx TpyqHO oxapakTepH30BaTb 
ONpeMeIeHHOH OTHOCHTeIbHOM BbICOTOH, TaK Kak HaOwslOfaloTca OovJIblIMe 
M3MCHEHHA UX BbICOTbI, He OObACHHMBIC Pa3MbIBOM, a MO COBNAaeHHIO C reovo- 
THYCCKHMH CTPYKTYPaMH BbIZbIBAeMbIe, OYEBHAHO, WeHCTBHeM COBPeMeHHBIX 
BYXKeCHHM 3eMHO KopbI. IIpuBemy HeKoTOpble WaHHbie (cM. Tabu. 1). 

Ha6stomaerca, TO Hal, MOJOMKUTCbHbIMH KYMOJIOBHLHEIMA HW Baslooopas- 
HbIMH CTPYKTypaMH KOpPeHHbIX MOPOM BbICOTa IOBEPXHOCTH Teppac CHJIbHO 
BO3pacTaeT, BMeCTe C 4¥eM WHPWHa HHS3KMX Teppac HM TOMMbl YMeHbilaeTcs, 
MecTaMH JO BbIKJIMHHBaHHA WM OOpa3s0BaHHA CyKeHHH JOJIMHbI WIM POpJIOBHH. 
B Hux HM pycCIO PpeKH M3 HeCKOJIbKUX CBOOORZHO MBrHnOalolluxcaA PyKaBOB 
(Tak Ha3bIBaemof ruiaBHoi Bourn um «BOs0x%KeK>) COeAMHACTCA B OHO BBI- 
IipaMsIeHHOe M ralyOoKoe. Takux cy2KeHHH HIM TOPJIOBHH Ha OMMCbIBAeMOM 
yuacTke HacynTpBaetca mo 15. J]1A OobIIMHCTBa TOPJOBHH YCTaHOBJeHO HX 
TOvloxKeHHe Hay NOMHMMaIOWlMMHCA CTpykTypaMu. Mecramu, kak B Kasann, 
Ha y4acTKax MOMWATHA HaGOMaeTCA MOMBMEHHE MONMOHMTebHBIX CTYMeHeH 
teppac (ma I] Haqnotmenuol Teppacbl, cM. Taba. 1). 

B npoMexyTkax MexZy ropJIOBHHaMM — B OOacTAX OTHOCHTeJbHOFO II0- 
Ppy2KeHud HW CHHKJIMHAJIbHBIX CTpyKTYp — BbICOTa NOBeEPXHOCTH Teppac CHJib- 
HO YMeHbIMaeTCH, a WIMphHa UX, OCOOCHHO HOMM MW HU3KHX HafMOHMCHHBIX Tep- 
pac, cTOJb 2%e CHbHO Bospactaer. Uacro HaOsORaeTca NOMepeuHbid K [HY 
NOMHbI HaKJIOH COCB HW MOBeEpXHOCTH Teppac, OCOOeHHO YacTO IV HagnoimMeu- 
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OTHOCHTe€AbHAA BHICOTA Teppac HAR MEXKCHHDIM YpOBHeM BoOarn (BbICOTbI B3ATHI C KapTbt) 


vo ‘ 
vate N Sal 
o x 20 aS 
a e rod 
— 
o tas 
3S & ~ = N 
Sy seen y= wen 
SEM cs) a 
os 
xs CEES yee> st 
3 ‘ Noo ni ~ 
5 a | | & 
S| I~ a © t 
} SIN ES, iP) 
o) 
= a at 
PA bd ~oO CO - 
a = 4 eo 
g 3) et 4 ao | oF EN 
So lite ale eee 
o = rt) OID NS 
ey I ry —s foe) ae 
o 
ta S {ea} 
= oo NS 
A ued —— 
o = SS 
I (=) | LS ' 
=] <4 NI] 19 
i —| AY 
7 on 
eae a , 
EY 
(as) ap So 
ut a = o ~ OO x“ 
° cS) Ver) ~ BLD 
8 3 eos meet! |) 
2 5 iN Ohise hoy al 
S46 ror) ) Bot ao =) 
aS (Ol ey ~ lor) 
~— 
= é La Ve) 
z = N 
o lor) N | | 
& <4 1 
x ce) oO =) 
x — N Ss 
j= 
> Ve) 
eS N Oma ioe) Ko er) 
bien ae alr 
ost 
=| 4 ANINS moN sO 
o — SM N oD A co a A 
(Q 
i = eo) 
[22] =a Soe 
° (=) S} SS) 
& N ~ lox) 
a oO Ve) 
R box | —— 
> 
= (oa) ices) Ct 
OI “4 N N uy 
= Ne) te) 
3S Ey ioe) 
St S) 2 N “N 
i i = NX Nes) 
' 
Q S) SLO St oO co ice) Soil 
Es = Noo 5S Sw Wea GS 
© lie lpht gees. iS aual 
“ io@) NOOO qe a ioe) 
SIN OD on ud cc 
Ba i) C 
x wD SO E109 3 . 
fe) ~ EH BAO) Sind Ho 
5 = Oram Ow 
& a amano a com>) 
BODE ee) cs 
yt a 
im NN of i x 
% ON =i de} (op 
& | | | | 
= D Soll ad ea) ~ tY 
Oo ope! N st ere) 
eS 
2 a ss es 
Re me 5 
ro) S oO am > bs 
-| ~” ODS — Z 
& he mH B 
S| BOSE ea 
_ Oyo} S 
‘ BE} Te wile 
—— 5 a m ioe} 
5 ro) ) 
=o = Bc) 
S oo ) a 
= = to) 2 
= at net ~~ wa 
oS 
oO pomel — 
Coon! <a 
i = Zs > 


HOli Teppacbl, HanOoulee UIH- 
pokoli (20 30—36 kM) H Cco- 
OTBETCTBYIOWeH MakcH- 
MaJIbHOMY (THEMpOBCKO- 
My) oleqeHeHHio. AMIVINTY- 
wa KOeOaHHA BbICOTHI NO- 
BePXHOCTH 9TOH Teppacbl 
JOCTHraeT H€CKOJIbKRX 
(3—5) MecATKOB MeTPpoB. 
YKJOHbI U3peaKa OCTH- 
raioT 7 M Ha | kM To- 
PH3OHTAIbHOTO paccTOAHUA 
MW BCIONY, re 9TO yRaerca 
yCTaHOBHTb OypeHvemM HH 
reo(pH3H4YeCKMMH MeTORaMy, 
CTpOro COOTBETCTBYIOT 3auJe- 
raHHIO CJIO€B KOPeCHHbIX OT- 
JlomweHHu. Hexotopoe uc- 
KJHOUCHHe COCTaBAHeT (CM. 
pic. 1) 1ox%HbIK Kpal BBICO- 
KMX Teppac, NpHMbIKAIOWWH 
yepe3 ZomMHYy Boru k DKu- 
ryiam. Tam mogbemMy m0- 
BePXHOCTH Kpasa Teppacbl Co- 
OTBETCTBYeT yYBeJIHYeHve MO- 
LINOCTH ammoBHa (6), uTO 
TOBOpHT O Koule6aTeJIbHOM 
XapakTepe JBY2KeHHH MeCT- 
HbIX TOJIOYKUTEJIBHbIX CTPYK- 
Typ, Ha KOTOpbIMM pacio- 
JIOMKeH 3AeCb TIPpHNOMHATHIM 
JOMKHBIM KPa BbICOKHX Tep- 
pac. 

Han6ouee OTYETJIHBO 
COBNaqeHHe YKJIOHOB  MO- 
BePXHOCTH HM OMOPHbIX reo- 
(pusMuyuecKkux TOpH30HTOB 
Ha6omaetca Mexay Ka- 
3aHbIO =U ycTbemM KaMbl. 
IIpoyoubHEit porno, pa3- 
TeAIOULMH 3ecb TBA MoO]- 
HATHA IOXKHOTO OKOHUAHUS 
BaTCKO-YJIEMHHCKOrO Bala, 
IIpOABAeTCA Ha MOBCPXHO- 
CTH KaK u4eTBepTOH, TaK U 
Ooulee HH3KHX Teppac. He- 
CKOJIbKO ClaOee mporH6 mo- 
BEPXHOCTH HM KOP€HHbix CJIO- 
eB (MO neo*usHyeCcKHM aH- 
HbIM) BbIPayKeH BOCTOUHee 
c. BambimMepbl H CHOBa pes- 
KO OO03Ha4eH K Jory oT PKu- 
ryJieH, Hal, ocbIo BowtpeKo- 
ro uporu6a. B «muTepatype 
rocnoscTBOBasIO mpecraB- 
JeHHe O06 2pOSHOHHOM IIpo- 
HCXOXKTCHHH STHX NOHKE- 
Halt -((5, 7, 9) mw Op.). 
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-B Yabanosckom 3aBpouxKbe ycTraHoBeHo HauMuHe y3KouH (2—7 kM) 30HbI 
TyCKaHua, UMeIOMWeH CCBEPHO-BOCTOUHOe Mpocrupanwe HM coBnanaiomeli c 
2bIO YJIbAHOBCKOM CHHEKIN3bI. Ona MpOcaexKUBaeTCH BKOCb MO MOBepXHOCTH 
Vou V teppac yepes r. Uepnaxin (<Gepraxnunckuti rpa6eH») w cHbHO 


Puc. 14. CrpyktTypHo-reo- 
MOposoruyeckan cxemMa 
Cpeguero JlopowKps. a— 
OONacTH MK AYPeyHbIX Ma- 
TO; @©—o6nacTu V Hagnolh- 
MCHHOM Teppachl; 6 — o6ula- 
ctu |V HannowMeHHOH Teppa- 
Chl; 2—oosactH II] Han 


SSSI 3 NOHMeCHHOH Teppacbl; 0 — 
oOnactu I] uJ] Haynotmen- 
LZ iu HbIX Teppac (6e3 pasjeve- 
HHS); @-—OONaCTH BbICOKUX 
ipeen x H HM38KUX om Bourn Mu ee 
IIPHTOKOB; oC — OBParu, BbI- 
MTP TOJIHEHHbI€ MMOWeHOM; 3 — 


yuacTKH MOZHATHH NO pe- 
Jbepy; wuw—yuacTku ony- 
CKkaHuH 10 pelbedy; «x — 
TeEKTOHHYeECKHeE 3alaQuHbl; 
A — aOJMUMOHHbIE Teppacnl; 
M— [[peBHEOSeEpHbie Biaqu~ 
HDI; H — OCH NOMHATHH 
(YCTaHOBJIeHHble H mpenmowa- 
raemble HampaBueHua): 1 — 


MUPyJeBCKaH cpaekcypa, 
2—tyrayescKkan duekcypa, 
3 — MOPAOBCKO-OopsnHCKOe 


NOWHATHe, 4 — BATCKO-yule- 
Koo MHHCKOe NOAHATUe; O — MO- 
of Co MeeIanee hoe (BIN 5 HOKJIMHAMbHbIC CKJIOHBI; 7 — 
eee OAR NR KYNOJOBUAHbIC = MOAHATHS; 
Me ee eae p—oOcnh TNoqHATHH nO MOp- 
me Be he ais es gouorun: J — Kpnymmnckoe 

; iba ou! I nomusatue, 6— benospcKoe 
noqHatve, 7 — Y IbsHOBCKOe 
NOWHATHE; C— OCH BMaNHH: 


\o 
by. 
: 


Ki 8 — BolbcKuH mpornuo, 9— 
ee Nv Uepqak JMHCKHH rpaoex, 
’ 10 — CrapponosbcKas ne- 
upeccun, 11 — KaumatwpcKxaa 

Tenpeccus; m — KOHTYpbI 


vey. 
A 
I. 
a 
v 
SY 
v 


BuaquH, /2— Y 1baAHOBCKO- 
Meuwekecckaa Bilaluna 


o6ooueHa H 3aTOptboBaHa Ha mMepeceyeHuH ee peukamu (Ypenem, Kpacuoit 
Maino). Meupummx pa3Mepos BialHHbl AMelOTCA B CTaBpONOJIbCKOM IIpo- 
u6e, nepex ppoutom PKurysieH. S3ecb OcOOeCHHO IpuMeyaTebHa MepuAMO- 
aJibHad MwlocKad BiaquHa, 3aHaATad TeKyllleli K ceBepy OoJIOTHCTOH peuyKoll 
ycKaH. Dra pewKa 6e3 BUAMMOli NpHUMHbI, He BNaB B b. Uepemian, KpyTo 
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cBOpauMBaeT MOUTH OOpaTHO uM BIMBaeTcH B Boury. OxkaspipaeTca, 4TO TI 
JIEBLIM OOPTOM JOJIMHbI “epemurana pacnosiokeHa ocb MopjoscKo-bop. 
CKOrO NOAHATHA — 2FO BOCTOYUHOH BeTBH, oOpucoBaHHon lr. B. O6eqHeHTOBO 
(8) Ha OCHOBaHMM TreodusnyeckHx ucceqoBaHut JI. [. CypukoBa M Ha3Bal 
Hot exo Mopmoscko-KoumakoBcKHM NOAHATHeM. CusIbHad 3a0OJIOYeCHHOCTh | 
3aJIHTOCTh O3epaMH BepXHelt UacTH JOJIMHbI CycKaHa YKa3bIBaloT Ha, BepOAT 
HO, COBCeM HeaBHee NOAMpyxXMBaHHe CycKaHa MOJBHKKaMU MopzoscK 
BopsmucKoii (puleKcypbIl H BMecTe C TEM NOATBEpKLAalwT MbIC/Ib O TEKTOHUY 
CKOM IIpOMCXOK€HHM MCJIKUX CKIaqOK IpaBobepexbA, KaKOBbI BekTAXKCKH 
cKayiKM M cHcTeMa TykulyMckux ckamzok B. B. Bpouryseesa (?), pacmouo 
XKCHHBIX Ha IOXKHOM Kpblle PJIeKCypHI. ' 

IIpupaeyenne aJJIIOBHaJIbHbIX WIM KapCTOBbIX MpOWeccoB WIA OObACHeHMS 
BIaHH CTaBpOMOJIbCKOH MYJIbAbI, a Take WH B Mpyrux Mecrax mo IV Tepi 
pace OKa3bIBaeTCH HeCOCTOATEJIbHBIM H3-3a OOJIbINOM MOL[HOCTH MOMCTHAtO! 
IMX YeTBCPTHYHDIX HW MWJIMOMCHOBbIX OCAKOB, HECOOTBETCTBHA (OPM MH pa3sM 
pOB, a TaKKe H3-3a IWIaBHOCTH HaKJIOHa MOBeEpXHOCTH Teppac HW OTCYTCTBH§ 
6eperoB, OCaKOB WIM HHbIX MpH3HaKOB ObIBUIMX MOTOKOB, KOTOPbIM MOXKHC 
6blIO Obl IPHNMCaTb BbIPAaGOTKy ITHX MOHMKeHHH. TlomoOuble x%xe CooOpaxe 
HUA 3aCTaBJIAIOT OTKJIOHHTh M KaXKYULCCCA MOBOJIbHO BepOATHEIM, BouencT=y 
HaXOKCHHA IpH3HaKOB ObIIOM MeP3JIOTHI, OObACHCHHE MPOMCXOA CHUA BMMA- 
J(MH BbITAHBaHHeM PYCJIOBbIX WJIH ApyrHxX KaKUx-JIMOO HaJleqei. 

BoJibliluM rHaApOTeXHuYeCKUM COOpyxKeHHAM Ha Boure ycTaHoBeHHad NOL 
BHXKHOCTb 3CMHOM KOpbI B CpegHem IlosouKbe, Mo BCeli BePOATHOCTH, H 
yrpoxkaer HUKaKHMH HeEMPHATHOCTAMHM 3-3a MaJIOM, YHCTO TeosIONMuecKo 
CKOPOCTH JIBH2KCHHH. 


we 


octynuso 
30 1 1954 


LHMTHPOBAHHAA JIMTEPATYPA 


17. K. Anapees, Boar. MONI, org. reon., 23 (4) (1948). * B. B. Bpor 
ynees, Matep. K mo3HaHuIO reow. cTpoenHua CCCP, usi. MOM], Bs. 14 (195% 
B. JlIamMakuu, COopH. 3emepenenne, 2 (42) (1948). 4B. B. JIamakun, JAH 

a o (4948). © "A, H. Masaposuy4, Tp. Komucc. no u3yy. yeTBepTH4H. nepuofma 

2 (1935), § A.M. Mock Butuan, Ilpupona, Ne 17 (1952); M3Bn. AH CCCP, cep. reo 
o 2 (1952). 7H. MW. Hukowaes, Tp. Komucc. no u3yy. yeTBepTHuH. mepuona, 

2a (1935) see Dee O6enuenTona, Tp. Muct. reorpad. AH ee 43, 78 (1949) 

PeB, Iauuep, Tp. Komucc. no u3syy. yeTBepTH4yH. nepuona, 4, B. 2 (4935). 
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Hoxaagn Ankagemun Hayrx CCCP 
1954. Tom XCV, Ni 4 


MHHEPAJOIHA 
JI. C. BOPOJMH 


O BXODKEHUM BOJbI B KPHCTAJIJIMYECKYIO PEWETKY 
MHHEPAJIOB FPYIIMbl MEPOBCKHTA 


(ITpedcraezexo akademuxom JI. H. Ilep6axosoim 23 I 1954) 


| Hecmotps wa To, uro ucTOpua u3sy4YeHUA MuHepanoB rpynnp MepoBcKuta 
MauHHaeTCA IIpHMepHO C CepeAMHEI Mpouloro cToueTHa, psa BOMpocos, 
BASAHHBIX C OTCJIbHbIMH OCOOCHHOCTAMM COCTaBa HM CTPyKTYPbI 3THX MHHe- 
HaJIOB, HE PaspellleH OKOHYATEJIbHO H NO HaCTOAWLero BpeMeHH. Tak Hanpu- 
ep, MOCTATOYUHO ACHO He paclinpoBaha KPUCTaMMOXHMUYeCKaA POJIb HeKO- 
SOpbIX 3JIEMeHTOB, MPHCyTCTBYIOLWHX B BHZe H30MOpHbIX MpHMecel B OT- 
@JIbHbIX MHHepaslax STOH TpyMNbl, He BbIACHeHa POJIb BOJbI, KOTOPan Ha- 
IIOaeTCA MHOPZa B 3AMeTHOM KOJIMUeCTBE. 


TaOauna 1 


Komnoneutbt | 4% | 2 | 3% | Ae 5* 
SiO, 0,96 = 1,29 Sa 4,27 
TiO 56,35 32,01 58,79 46,45 44,01 
Z10, sf 0,94 ah sa 
ThO, Ss 1,16 = 13,0 ee 
gl \ 2,23 25,55 ee \ 24,00 34,20 
Nb. a2 26 , 26 = 6,34 10,78 
as®s —_ ae = am 0,66 
e,@;, Rey 0,94 em hs ra 
mee 37.52 1,32 27,06 4,83 525 
MgO 0,14 0,18 0,19 
MnO 0,02 es 0,31 
FeO 0,70 = 2,93 
K.O ee 0,80 1,38 eS Be 
Na.O oz 10,53 0,29 6,44 0,23 
H.O+ 0,57 0,65 \ 1,00 1,22 \ 3.49 
H,0- 0,16 0,6 0, j 
nae | ee ee 
Cymma . . | 99 67 | 99 , 46 | 99,69 | 99,72 | 99,89 
REI a a eae eae Se 
| waautuK oe Hee es Eropos Kasaxopa | XoamKsBuct| Kasakopa Se tees 
MaH 


| *® 4 —xnonut, usysen B. M. Kynaercxum, 19°6 r.; 2 — Hoshi EDA ee 
|. Tl. TuxonenkospimM, 1953 ©r.; 3-—KHONMT, M3y4eH P. WM. XoamKenctom, 169 ise 
|—noppit munepaa, usyyen JI. 3. Bopoguubim, 1953 r.;. 5—mMetasonapuT, M3y 
VM. Pepacumoscxum, 1939 r. 
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TlepecueT XHMMYCCKHX aHasIH30B MHHepasoB rpyniibl WepOBCKHTA, OnyOIH 
KOBaHHbIX B JIMTepatype (?, 4, °, 8), MoKasbIBaeT, YTO B pxfe CyYaeB HX CO} 
CTaB He yKJafbIBaeTca B obmtyi0 (bopmMy.ly ABXs, XOTA CTpyKTypHaa MpHHad 
JI@KHOCTb 9THX MHHepasiOB HMeHHO K JaHHOH rpymie HecoMHeHHa. Xapakj 
TePHO Ip 9TOM, YTO KOMMYeCTBO KATHOHOB B rpymne A OObIMHO MeHbIe Teo 
peTHyecKoro. Han6ovbplive OTKOHCHHA OT TeopeTHuecKOH (opMy.1bI HaOwi0) 
WaloTca B TeX Cy¥aAX, KOra B COCTaB MHHepaJIOB BXOMUT BOA. 

B ra6a. 1 mpemcTraBleHbl XHMHYeCKHE aHaJIH3bl YETLIPEX MHHEepaJIOB rpylli 
IIbl H€pOBCKUTAa, COmepxKalllHxX BOAy, a TaKxXe MeTaslONapHTa, KOTOPbIH pac: 
CMaTPHBaeTCA OOBIYHO Kak IiceBkoMopdo3a no Jionaputy (*, °). 

Tlepecuer aHamn30B (Taba. 2) moKa3biBaeT, YTO COCTaB JOOOTO M3 STH 
MHHepaJloB He OTBeYaeT TeopeTHyecKoli chopmyse ABO3, mocKouIDKy Kose? 
CTBO KaTHOHOB rpymmpr A BCerga MeHbIlle KOJIMYeCTBAa KATHOHOB rpyMMbl B} 


Ta6Oauma 2} 
ATOMHDbIe€ KONHUeCTBA | 
KOMNOHeHTDI SO 
| 2 | 3 4 | 5 | 
SiO, 176 ioe 215 ues 244 
Os 7052 4006 7358 5813 5508 
Z1Oz — — 14 — a 
Nb,O = — 10 | 
on iS \ 1974 i \a75 at 
ThOs ou 4h 492 an 
Ce20s 134 1550 334 1462 2084 
YnOs 6 
Fe,0; 98 118 — 410 — 
Al,O3 46 = — = = 
CaO 6690 222, 4825 326 935 
MgO 34 44 47 = = 
MnO 3 =o 44 — oe 
FeO 98 
K,O — 168 294 — — 
Na,O ccs ee ce 3390 98 2068 TA 
Sa KaTHOHOB A . cynma xaruonos A] 6925 | sara | oes | aos | soma 6925 | 5374 | 6083 | 4348 | 3093 
CymMMa KaTHOHOB B | 7406 | 6142 | 7720 | 6397 | 6559 


IIpu 9ToM oOpailaer Ha ceOA BHUMAHHe TO OOCTOATEIBCTBO, YTO’ HaGJK 
WaeTcA HelocpeACTBeHHaA CBA3b M@XKLY KOJIMYeCTBOM BOJbI, BXOAAILUM B COs 
cTaB MHHepala, HM WeCPMUHTOM KosMYeCTBA KaTHOHOB rpyump A: sem ee | 
KOJIMYCCTBO BOI, TEM MCHbILe CYMMA ATOMHBIX KOJIHUCCTB KATHOHOB. STO! 


(akT YKa3bIBa€T Ha TO, 4YTO BOA HAXOXHTCA He B KavecTBe calyyaHHou mput 
MeCH, @ BXOJMT B CTPyKTypy MepOBCKHTAa. 
TaOnuna 3 | 
ONS ATOMHble KOIHUeCTBA bg(6) rpynnam | 
aHa.IH SOB A Aha | O | OH | 8 | 
4 0,94 4,02 2,92 0,08 0,08 
2 0,89 1,02 Deas 0,12 0,13 
3 0,85 1,03 2,85 0,15 0,18 
A 0,73 4,00 2,78 0,22 0,27 
5 0,47 1,00 2,40 0,60 0,53 


ABX;3. Ecam mpHuaTb CyMMy aTOMHDIX KOJIMUeCTB KucOposwa paBHol 3, oT 
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CrpykTypa mepoBcKuTa mMpeyompemenser Tun xuMuyecKoli oH 3, on 


/Hecs clofa MU BOY, TO Noyyaem CJlefyloulHe COOTHOLMICHHA KaTHOHOB rpymil 
#Au B (ra6s. 3). 

| Kak BHQHO u3 Ta6a. 3, cocraB Bcex MHHepaJoB BIOuHe yYNOBJIETBOPHTeJIb- 
HO yKlabIBaeTCA B OOLLYIO PopMywy THMa Ay;_»BOs3—~ (Oh), (rme x MeHser- 
ica oT 0 fo 0,5), KoTOpad oTBeyaeT He3aBepIeHHOi pemeTKe Tana ABOs. 
}Jle@unur KaTHoHoB rpynnp A Moxer 6ObITb O6ycJIOBJIeH BXOXKeHveM B pe- 
uleTKY KaTHOHOB OOJIbUleH BaJIeHTHOCTH (BMeCTO KaJIbIlMa — pemKHe 3eMJIM 
}H TOPHU, WIM BMeCcTO THTAaHa — HHOOMH HT. J.), WIM 3aMeHOH KucmOpoma 
#OTHOBAJICHTHBIMH A@HHOHAMH, B YaACTHOCTH FH APOKCHJIOM. 

TloculeqHee HaM KarKeTCH Goee BepOATHHIM JIA Tex cyyaeB, KONA Ha- 
PUHMHAIOTCA MpOMecchl NO3AHePO M3MCHCHUA MHMHEpaJOB U Mpexke Bcero Bolllie- 
\auMBaHuA B BOAHOT cpefqe KaTHOHOB rpymnpt A. Bo3MoxKHOCTb CpaBHUTeJIb- 
9HO J1€rkOroO BbIMeadHBaHHA TaKHX KaTHOHOB, Kak HallpHMep KaJIblluH U 
HATPHH, MOKeT ObITb BMOHe OObACHEHA, eCJIM HCXORHTb U3 OCOGeHHOCTE!I 
(KPHCTaJIM4YeCKOH CTpPyKTypbI MeposcKuta (!, 3, 7). [pa stom mponcxosut 
COOTBeTCTBYIOlllee SaMelleHHe YaCTH HOHOB KHCIOpOsa MOHAMH PHApOKcwuia, 
MW 9HeEpreTHyecKHH OaslaHc pellieTKH ocTaeTca mpexHUM. IIpu mpeumyutecTBeH- 
(HOM BbIHOCe UleO4eH KOJIMYeCTBO HOHOB THAPOKCHJIa, 3aMelLalOlWUX KHCJIO- 
(PON, MOJIKHO COOTBETCTBOBATb KOJIMYCCTBY BbIHeCeHHbIX KATHOHOB rpynnp A, 
fuTO MbI H BUAWM B pacCMaTpHBaeMoOM culyyae (Tab. 3). 

| IIpu oTHocuTesIbHO CHJIbHOM pa3BHTHH Tpolecca BbIllleladwwBaHuA, Kak 
I9TO MOXKHO JONYCTHTb B CJyyae MeTasIONapuTa, W3 pelleTKM BbIHOCATCAH He 
[TOJIbKO OJHOBAJICHTHbI€ KaTHOHBI, HO B KaKOH-To CTeNeHH HM JBYXBAaJICHTHBIe 
|KaTHOHbI rpynmpr A, NOITOMY KOJIHYeCTBO HOHOB THAPOKCHsIa MOJDKHO He- 
}CKOJIbKO IIpeBbIIlaTb OOULee KOJHYECTBO BbIIILeOYCHHbIX HOHOB, YTO HM HaGWJIO- 
UlaeTca B JeHCTBUTeJIbHOCTH. 


HMoctynuso 
21 1 1954 


LMTHPOBAHHAS JIMTEPATYPA 


2H. B. Besos, Munep. c6opn. JIbpos. reo. 060-Ba, N25, 13 (1951). 2 9.M. Bou- 
fuTe 1T, Teposckut, cep. A, B. 5 (1935). % O. Pacceab, Kpuctansoxumus, nep. 
- wem. c gon. H. B. Benospa, 1926. 4B.WU. TepacumoseKwunh, JAH, 33, 
INS 1, 61 (19414). °&B. M. Kynaetrckuit, Msp. AH CCCP, cep. reom., MN 1, 15 
m1936). ° O. M. Illy6uuxosa, Tp. WITH AH CCCP, sb. 74 (1947). "PP. OBauc, 
Bpenenne B Kpuctamnoxumuw, M., 1948. *® P. J. Holmquist, Bull. Geol. Inst. 


i Jpsala, 3 (1896—1897). 
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Hoxnaayo Axagemun Hayx CCCP 
1954. Tom XCV, N: 4 


x MOP®OJIOLHA PACTEHHH 


E. H. FEPACHMOBA-HABALUIMHA 


PA3SBUTHE 3APObIWIEBOrO MEWKA 
WH BONPOC O NPOMCXODKTEHHH NMOKPbITOCEMAHHbIX 


(ITpedcraszexo axademuxom B. H. Cykaueevim 8 II 1954) 


Ucxona u2 CHJIbHOMO CXOACTBAa B CTPOCHHH 3aPObIIeBbIX MeIIKOB y 
(OOJIbINMHCTBa MOKPBITOCEMAHHDIX (HOPMAJIbDHBI THM>) Hu BCeOOLIHOCTH 
ABOHHOTO ONJOMOTBOPeHHA, CYHTAIOT TBEPAO YCTaHOBJIeHHBIM, 4TO 3apOsbl- 
IUCBOH Me€IUOK HMe€HHO 9TOFO THMA HM ABOHHOe ONJOMOTBOPeHHe OJKHbI Obl 
(BOSHHKHYTb JIMIUIb ONHAKIbI B XOMe sBoIOUMM (14, 15, 17, 31, 32, 25, 26); B stom 
{BHLAT HEOTPa3HMbIM apryMeHT B MO/b3y cTporo MoHOduJeTHYeCKOrO Mpouc- 
(XOPKJCHHA MOKPbITOCeMAHHbIX pacTeHun (7, °, 2). Pasnugupie oco6ble THMbI 
SapompileBoro MellIKa, BCTpeyalolulMecA y MeHbUIMHCTBa pacTeHuii, cuuTa- 
FIOTCA MpPOH3BOAHbIMM OT HOPMaJbHoro TuNa (3!, 17, 14, 15, 25° 26), 

| ina pelenua Bonpoca o MponcxoxKeHun 3apombieBoro MelliKa HU 
(ABOMHOrO OMJIOMOTBOPeHHA UCKaJIH B 3apOAbIWeBOM MelIKe TromOJorHit co 
[CTPyKTYpOH 3apocTKa M apXeroHHA POJOCeMAHHBIX. YCTaHOBUTb Takyl0 TOMO- 
IROTHIO OK@3aJIOCb HE€BO3MO2KHbIM; BPCM@CHHbIM YCICXOM MOJIb30BaJaCb JIMIIb 
|<apXeroHHaa Teopua» I[lopuia (78), Koropad JMUIMIacb peadbHO OCHOBBI 
(OCJIe OTKPbITHA TH- HW TeTpacmopHyecKkHX 3apO/bIleBbIxX MelIKOB (76, 2!) 17), 
| B nocnegHee Bpema 9MOpHOMOrH CKJIOHAIOTCA K [pyro TouKe 3penua, 
|PasBUBIelcA H3 NepBOHAYaJIbHbIX MpesctaBseHuu Todmeticrepa u Crpac- 
\Oyprepa; HanOovlee mowHO Ona pa3BuTa VM. JI. Pomanospim (!7). Cunraetca, 
piro 3apObIMIeBbIM MeIUOK BO3HHK B pe3YJIbTaTe CHJIbHOH peyKIMH KeH- 
pcKoro ramMetoduta. Penykuva 2Ta, pe3KO pa3BHBalollaAca yxKe y rosoce- 
MSHHbIX, JOCTHIIa Y MOKPbITOCeMAHHBIX CBoero Mpenena. B To BpeMa Kak y 
[TOJIOCCMAHHbIX XKCHCKHH TamMeTOduT MepexOLUT OT CBOOOAHO-AepHon (WeHO- 
MIMTHOH) da3bl K KJIeTKOOOpa30BaHH10 HW K BbIJeJIeHHIO YKeHCKHX TIOJIOBbIX 
IKeTOK mocuie 1l-ro MemeHua (XBOMHbIe), a y BbICWIMX MX MpecTraBuTeeu 
( (O6om0uKOCeMAHHbIe) Make mocie 8—9 weueHH, y MOKPbITOCeMAHHDIX 
fOpraHu3allMA KJIeTOK B 3apOJbIWIeBOM MelIKe MocTuraeTca yxe mocse 3 Te- 
PCHHA (HOPpMasbHbI Tum), y Qu- (Tan «AmuymM»>) uw TeTpacnopwueckux 
(tun «AgoKkca») 3apOblllleBbIX Me€LIKOB, COOTBETCTBEHHO,— ake mocwJe 
2u1 nenenuti. Y seicummx o6om0"KOceMaAHHDIX (Gnetum) apxeroHvep yxe 
fHe OOpasyeTcA BOBCe, a OMNJOMOTBOPAIOTCA OTJebHble KJeTKH 3apOcTKa, 
§pacnoJIO%KeHHble 61M3 MMKpOMHJe H paccMaTPpHBaeMble Kak MHHIMabl apxe- 
{ronua (2!); Tem 6ouee He MocTUuraeT TOM CTAMMM, KOrMa MOKeT OODA3Z0BAaTHCA 
JapxerouHuli, 3apOfblileBblii MeLIOK MOKPbITOCeMAHHBIX (2°). StwekserKy 
(MOKPbITOCEMAHHBIX MO2KHO MO3TOMY TOMOJOrH3HpOBaTb caMoe OoubilIee C 
;UHUUMAbHOH KeTKOM apxeronua (7'!). Bce mpouwe kKieTKH 3aPOfbILNeBOrO 
}MelIKa HalO, CJIeMOBaTeIbHO, PpaCCMATPHBaTb, KaK KJIeETKH 2KEHCKOPO 34- 
}pocTKa, MpHueM WeHTpabHaA KJleTKa 3apOfbIleBOrO MelllKa NMocle cBoero 
OMIOLOTBOPeHUA MOJy4aeT CHOCOGHOCTh BHOBb JeJIMTbCA, OOPa3syaA BTOPUY- 
HbIfi aHocnepm (3%). TlocmeqHuM BbINOJIHAeT MpexHioio PyHKuUMIO NepBAd- 
)Horo 9HOCHepMa POJIOCeMAHHBIX HM CXOM€H C HMM MNO xapakTepy pa3BH- 
tua (13), HO OTMYAeTCA CBOMM THOPHAHbIM MPOHCXO*KTeHveM HM MOJIMMIONA- 
PHOCTbIO, TO ABJIACTCH MPOrpeCCHBHbIM HOBOMpHoOOpeTeHHeM, CO3MaIOUIMM 
PKpynuble npenmyusectaa (1%, 1%, 16 1!), Bropwunpiit sHmocrepM MOKPbITO- 
[CEMAHHBIX MO3TOMY He ABMAACTCA HH BTOPbIM 3apO/bIlIeM, HM NpexKHHM 
|3apOCTKOM; MpOH30Ie OH OT 3apoCcTKa, HO HeceT B ce6e Bce lipeHMy- 


WIeCTBa 3apOfblllla, MPOMCIekMIero MOOBbIM MNyTeM Cay, 
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Ura, 3apomplilieBbili Me€LIOK MOKPbITOCeEMAHHbIX €CTb Pe3yJIbTaT COKpalile- 
HHA eMHOrO Mpolecca pasBHTHA; 9TO COKpallleHHe HauawlOCb elle y WaJIeKHx: 
MpeKOB MOKPbITOCeMAHHLIX H, HAO NoO/araTb, ObWwIO BbI3BaHO H3MeHEHHCM 
YCJIOBHit CyLecTBOBaHHA. TObKO yiycKand 3TO H3 BAY, MOP B pa3JIHYHAX 
M@XKLY 2KCHCKHMH TaMeTOMHUTAMH TOJIO- WH MOKPbITOCEMAHHBIX BUJeETb <«IIpoO- 
Mactb» (!9, 14,15), pasnemstioulyio 9TH rpymbl. B OTHOWIeHHH %e MY?KCKOTO 
raMeTowuTa Ipe€eMCTBeHHOCTb pasBHTHA He BO3OyK Mala COMHEHHH, TaK Kak 
PpeAyYKUMA eFO MasleKO 3allia y2Ke y FOJIOCeMAHHBIX ('). 

Oyuako, XOTA 9Ta OOMlad TeEHAeHIMA pasBHTHA HM ACHA, OCTaeTCA TPyA 
HOCTb JIA MOHHAM@HHA OKOHYATeJIbHOH KOHCTPYKUMH 3apOblleBoro MelliKa, 
Ha MlepBblit B3ra, He UMeIOWleH HMYero OOUero C COOTBeETCTBYIOMeH a3z0ui 
pasBuTua (3-e JesleHHe MaKpOCriopbl) 2%eHCKOrO TraMeTO@uTa TroJloceMsAH- 
HbIX. Oco6eHHO CMylllaeT OOpa30BaHHe BCera OMMHAKOBbIX KYCTBeEPOK» sAep 
y KaxKAOro H3 MOMOCOB 3apOAbIIWNeBOrO MeLIKa, KOTOPOe HM MOCJYKUO OCHO- 
Boh Teopuu Ilopuia («cxo_cTBo» c apxeroHuaMu). BrowHe O4eBHAHO, 4TO: 
MOHATh CTpOeHHe 3aPpOMbIWIeBOTO MelIKa MOKHO JIMIWb Ha OCHOBe aHaJIN3al 
xOMa ero pa3BuTua. STO U MbITaIOTCA MeaTb HanOosee MporpeccHBHbie} 
amMOpuosioru (17, 22), HO OHH, WCXOMA U3 YaCTHbIX 3aKOHOMepHOCcTeH, Ha- 
6IOMAeMbIX MMH TPH M3yYeHHH pasBHTHA 3aPOMbILIeBbIX Me€LNUKOB, JIMIUIb 
YKpelIAIOTCH B MHE€HHH O TvIyOOKOM CBOeOOpasHH 3apObIWIeBOoro MellKa, H 
oco6eHHO BOMHOFO OMJOLOTBOPeHHA. 

Eculd 2Kke HCXOQMMTb MCKJIOUMTEIbHO H3 OOWIHX 3aKOHOMepHOCTeH KJIeTOU-| 
HOH %KH3HH, TlaBHbIM O6pa30M KJIeTOUHOrO AeJIeHHA, KOTOPble, KaK OKa3bi-} 
BaeTCA, ABJIAIOTCH OCHOBHbIM (aKTOPOM, OMpeseJIAIOULHM pa3BUTHe 3apO]bl- 
IeBOro MeIlIKa, TO CTAHOBHTCA NOHATHBIM He TOJIbKO BOSHHKHOBeHMe CTpOe | 
HHA 3apO/bIleBoro MellKa, HO H JBOHHOe OMJIOMOTBOPeHHe Kak HTOr Mpe- 
WeIbHOrO COKpallleHHA pa3sBUTHA %KeHCKOrO raMmerTodpuTa. 

HanoMHHM Te OCHOBHbIe 3aKOHOMePHOCTH, eHCTBYIOUMMe B THMHYHOM 
cmyuae B 060M SMOpHOHabHOH KueTKe (24, 29, 30, 23° 45 3 12) Koropple 
OcOOe€HHO BaXKHbI B HallleM CuJlyyae: 

1. Aqpo crpeMuTCaA pacnouOxwKHTbCA B OMpeteJIeHHOM «HHAMHUECKOM 
WeHTpe» KJIETKH, YaCTO COBMaMalOuleM Cc ee TEOMETPHYeCKHM ICHTPOM; eCJIF 
KleTKa ACHMMECTPHYHO BakyOJH3HpoBaHna (HalpHMep, MOJIOM0e MbIJIbIeBOe} 
3epHoO), TO Apo pacnosaraeTcA B WeHTPe MAKCHMAJIbHOFO CKOMJICHHA ILMTO-} 
nia3Mbl. IIpu WeJeHHH MpOABJIAeTCA MOJIAPH3aNHA KJIETKH WM BOSHHKaeT [Ba 
MMHAMHYeCKHX IeCHTPa, COXPAHAIOWMMXCA NO OGOCOOMeHHA CeCTPUHCKUX KuJle- | 
TOK HIM MO CJlefyroulero WeseHuA, ecM Takoro O6o0cobsIeHHA He Mpoucxo- | 
mur. Tlocae mouHoro mpekpallenuaA MeleHMii B KJIeTKe BOCCTaHaBJIMBaeTCA | 
JIHIb OMH JMHAMHYeCKHH IeHTp. | 

2. Kaxklad HOBaA MVIOCKOCTh JeJICHHA CTPeMHTCA Mepeceub MpesbIAyuLyt0 ) 
TO, MPAMBIM YIrJIOM. 

3. Ocb (burypbl MUTO3a pactosaraeTca m0 6ouee WIMHHOM OCH ILMTO- 
Ma3MaTHYecKOH MaCCbI, a MeseHHe, CJIeOBATeIbHO, CTPeMHTCH pa3eJUTb 
IposouIropatTy!lo KeTKy Tomepek. | 

4. PacxofaliMecd pH WesIeHHH COMpOM3BOAHbIe Apa B3aHMHO OTTAaJIKH-) 
BalOTCA, STO OTTAIKMBaHHe MpekpallaeTca OOpasoBaHuemM MeperopoxoK WIM | 
PasBHTHEM BaKYOJIH M@KTY ALPaMM; TOJbKO Tora BCTyNaeT B CHJy Mpa-| 
BuO 1 (mpHmMep: cnepmuoreHes (°)). 

5. B mBy- WU MHOrosepHbIX KeTKax (MeHONMTax) ampa Betatca cHH- 
xpoHHo. B culty B3aMMHOrO OTTaJIKMBaHHA (MmpaBusio 4) OHM MaKCHMaJIbHO | 
yalAoTca [pyr OT Mpyra, YeM BCelleO ONpememneTcA ux pacnpenesenne. | 
B AByALepHOM WeHOMWTe AMPA OKASbIBAIOTCA Y MPOTHBOMOMOXKHBIX MOJIOCOB; | 
B YeTbIPeXAePHOM — TO BepUIMHaM TeTpad{pa; B MHOFOAMepHbIX MeHOLNTAX | 
Apa pacipelesAOTCA COBeEPIIeEHHO PpaBHOMepHO B MaCCe IMTOMIA3MbI WIM! 
B ee MOCTEHHOM CJIOe, ECM MeHOMMT CHJIbHO BaKYOJM3upOBaH. 

6. Kaerkoo6pa3opanve (BcTaBJIeHHe MeperopomoK) B WeHomMTax IIpOuc- 
XOLMT JIMINb MPH ONPeeCHHOM «HaCHINLeHHH> ILMTOMMASMbI ALpaMy, T. e. TPH 
MOCTHXKCHHM H3BECTHOTO COOTHOMICHHA Me*KY Maccoli Tex u Apyroii. 
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ten 7. Tlocate MOJHOrO NpeKpallleHuaA eJIeHHsA B WeHOWHTe Apa mepecraror 
|B3AHMMOMCHCTBOBATb APyr C ApyroM, H, eCJIH HET K TOMY IIpenaATcTBul B Bue 
pGocoOJIeHHA KseTOK, coracHo npaBusy 1, crpematca K oOuleMy JHHaMu- 
\|HECKOMY IleHTpy. 

Tpossaenue M€pCuMCJICHHBIX 3AKOHOMepHOCTeH BHOH3MeHAeTCHA KOHKpeT- 
10H OOcTaHOBKOM, CKMaMbIBaloUlelica B [pesybTaTe AudpdepenuupoBku kKule- 
OK HM TKaHeli (BakyOJM3allHA, H3MeHeHHe (OpMbI, HampaBeHve MaBseHns 
i mp.). Heo ycnoxusetcs eile Tem, uTo 9TH *akTOpbI yacTO B3aMMoOseli- 
PTBYIOT MexKTy COOOH B pa3JIMUHMbIX COYeTAaHHAX. OmHaKo cpequ HX BCersa 
MO2XKHO BBIABHTb Pelualoululi, OMPeAeAIOWIMH TOT HIM HHO pesysbTarT. 

|) Ecau mb Tenepp o6paTuMca K OOUleM3BeCTHOM KapTHHe pasBuTHA 3apo- 
IIBIMMeBOrO MellIKa HOPMaJIbHOrO THIIa, TO cpa3y yBHAMM, 4TO OHO MOmUH- 
\MACTCA TCPCYHCJICHHbIM BbILIe OCHOBHbIM KJICTOUHbIM 3aKOHOMePHOCTAM. 
3 9TOM CMbiCJIe B 3apOMbIWeBOM MellIKe HeT HuYerO cHewNdHyecKoro, TO 
MOXKHO ObIIO Obl HCTOJIKOBaTb KaK YHaCJIeMOBAHHY!O KOHCTPyKWMI0, BO3HHK- 


TIOPhI MesMTcCA Ha [Ba Apa, pacXOMAWMXcA, KaK MPH BCAKOM JleJIeHHU, K 
JOJI0OCaM MIOJIApH3OBaHHOH KJIeTKH (MpaBHso | u 3); Bropoe u TpeTbe Jese- 
IMA COBePIIAaOTCA CHHXPOHHO MH BO B3aHMHO-NepneHANKYJAPHbIX HaMpapule- 
(auax (mpasnsio 2 5), B cHuly Yero y NomOCOB HeH36exxKHO Mosyyalorcs «3ara- 
OUHbIe> YeTBepKH sep. Apa B Kax%KMOH YeTBepKe, B3AaHMHO OTTAJIKHBaAACb 
jaipapuuio 4), HeH36exKHO pacnosaraioTcA Tak, YTO TPH M3 HHX yMmMparwrTca 
3 <CBOJ> IeHOUHTa, a YeTBepToe OOpaLlleHO K WeHTPy MOcMeqHero, 3aHATOMY 
K 9TOMy BpemeHH paspociieica BakyOJIblO. IOTOT MOMeHT COBMaaeT c «Ha- 
[prlenvem> smpamu (npaBuio 6) NOApHbIX CKOMeHHi WHTOMNMAasMbI, B 
|SOTOPBIX MW MPOHCXOAUT BCTAaBJIeHHe MeperopoqoK MexKAY ApaMy, T. e. dop- 
AMpOBaHWe AKWeBOrO almapata UW aHTHNO,. CuabHaA BakyOM3alNA 3aposbl- 
eBOrO MelIKa MpeMATCTBYeT BCTABJICHHIO MeperopowKH MexKAY ABYMA 4eT- 
BeEPTHIMH ALpaMu KaxKOM TeTpabl («nOApHble Apa»), uTO BemeT K OOpa- 
MOBAHHIO OOMbINOH WeHTpasIbHOM KIeTKH C OMHAM JMHAMMYeCKHM ILeHTpoM, 
kkyna WM CXOMATCH NOMAPHbIe aAMpa (mpaBuso | u 7). 

| Takum O6pa30M, pa3BHTHe 3apOJbIIeBONO MellIKa CCTb IIpolecc, KOTOPHIHi 
|}IMHCTBEHHO MH MOXKET MPOHSOHTH MpH WaHHbIX yCJIOBAAX pocTa HM pa3sBUTHA 
ikmeTKu. Jl1o6aad SMOpvOHabHad KJeTKa, MOMeLLeCHHAA B COOTBETCTBYIOILHe 
COBHA, OyteT Hev30e2%KHO IIPpOXOAHTb HMeCHHO TaKOH IyTb pa3BUuTHsA, oOMpe- 
l 

| 

i 


IeseMbI BCeOOLIMMM 3aKOHaMM KJICETOUHOH XKH3HH, a He 3aBHCAULMM OT 
kakux-M60 cmeluduyecKHX 3aKOHOB, CBOHMCTBEHHbIX TOJIbKO Makpocmope. 
|Cneuud@uyeckve yCJIOBNA, MeEHCTBUTeJIbHO CyULeCTBYIOWIMe B pa3JIMUHbIX CeMsA- 
M10UKaX, JIMIb BULOM3MeHAIOT XO OHTOreHe3a 3apOfbIIeBOrO MEIIIKa, BBI- 
limBuraa Ha MIpeBblii M1aH TO TY, TO Apyry!o 43 KJIETOUHBIX 3aKOHOMepHOCTel 
4 ONpeeAA pa3sHUHble <THMbI> Pa3BHTHA 3apOMbILIeBbIX MEIIKOB. 

| ApuaiiwimM nomTBepxKAeCHHeM CKa3aHHOTO ABMAIOTCA HeKOTOPbIe OcoOObIe 
|cuyuau, U, Mpexksze Bcero, MaBHO W3BeCTHOe MOpasuTesbHOe ABJICHHe pasBH- 
ITHA MOJIOQBIX MIbIJIbILeBLIX 3e€PeH MpH HeOObIGHIX TeMMepaTyPHbIx YCJIOBHAX B 
jo6paz0BaHua, COBepIeHHO CXOAHbIe ¢ 3aposbilesbim metuKom (77, *). Hs 
THX Culy¥aeB ACHO, 4YTO AMpPepenuMalMA 3apoOAblWeBoro MellIKa COBep- 
wIaeTCA OTHIONb He Ha OCHOBe YHaCJeOBaHHbIX ClelHPMYeCKHX 3aKOHOB, 
\SBOHCTBCHHBIX TOJIbKO Makpocnope. 
Mcxona H3 BbILMeCKa3aHHOro, He COCTABJIAeT MPHHUMMNMAaIbHbIX 3aTpyMHe- 
lait TIpeacTaBHTb CeOe MpOHCXO*KMeHMe 3apOAbILWeBOrO MellIKa MOKPbITOCe- 
MAHHbIX. Pasiuune Mex-y raMeToduTaMH FOJIO- HM MOKPbITOCeMAHHBIX, O4e- 
BULHO, BbIZbIBACTCA MPHUMHOH caMoro OOllero MOpAyKa, HMeHHO, M3MeHe- 
lymem XOMa OOMeHa BellleCTB Y MpeMKOB MOKPbITOCeMAHHBIX. Kpaline MemJcH- 
lapifi TeMm JleseHHH y TOMOCeEMAHHEIX, YaCTO B COCAMHCHHH C paHHen MH HHTCH- 
‘CMBHOM BaKyOJM3allHeH WeHOINMTHON asbl 3apocTKa, MemaeT y HX HeBO3- 
(MOMKHEIM KIeTKOOOpasoBaHhe u OOycJIOBMBaeT MoOcTelleHHoe HM paBHOMCpHOe 
ajlep Ha TOW xe (base pa3BUTUA, Korma Y MOKpbITOCCMAH- 
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HBIX, IPH HX HecpaBHeHHO OoJIee ObICTpOM TeMMe KJICTOUHBIX MeJIeHHli, yxKe 
Ha 8-aepHoli cTaquuM MocTuraeTcCA «HAaCbIIeHHe» HU KeTKOOOpa3z0BaHHe. 

K. HeKOTOpbIM H3 Pa3BHTbIX BbIWe MOMORKeHHH OJH3KO MOAXOMAT OTMCJIb- 
nble aMOpnosorn (!7, 22), HO OHM OCTaHaBAMBalOTCA Nepeq oprannsauner 
3apOJbIIeBOrO MeUIKa, CYHTad ero 3a OG6pa3zoBanue sui generis. Ecrte- 
CTBCHHO, 4TO, BHAA B 3apObIWeBOM MeLIKe OCylleCTBJIeHve HekOero HacJe 
Ityemoro «mjaHa», He MOryT ceOe MpesCTaBHTb ero MHOPOKpaTHOrO BOSHHK 
HOBCHUA B MCTOpHu pacTHTembHoro Mupa. M3 mpescTaBJieHHbIX 2%Ke HaMH 
coo6paxkeHHli, HaMpOTHB, ACHO, 4YTO 3apO/bILIeBbIi MeWIOK MOP BO3HHKaTb: 
MHOFOKpaTHO H, BECbMa BePOATHO, B pa3JIMUHbIX rpynmax pacTeHuli, BCAKHM! 
pa3, Kora yCJIOBUA OOMeHA BeLLECTB NO3BOAM HACTyNaTb KJIeTKOOOpaszo-- 
BaHHIO Ha JOCTaTOYHO paHHell chase pasBuTua 2%eHcKoro rametoduta. IIpul 
3TOM BMOJHE Be@POATHO, YTO PasJIMYHbIe <THIIbI> SaPOJ[bIINeBbIX MeLIUKOB! 
MOrJIM BO3HUKaTSb MHOFOKpaTHO HM He3aBHCHMO. | 

IlpencraBaenue O JBOMHOM OMJIOMOTBOpeHHH Kak OO ABJeCHHH, yrulyO-: 
JIAIOULEM «MponacTb» MexKLy POJIO- H MOKPbITOCeMAHHDIMH, KOPeHHTCHA ONATb-; 
TakH B HeMOCTaTKe WuTOMOrMYecKorO No”Xxona. Ilpeanocpiika kK JBOHHOMY) 
ONJIOMOTBOPeHHIO, HECOMHEHHO, BO3HHKJIa C TOrO MOMeHTAa, KOra ciMepMHy} 
CTaJIH O6pa3OBbIBaTbCA NapaMu, T. e. y2Ke Ha paHHeli cTyMeHH 9BOJIONHME.. 
IlapHoctb cnepMves yepKHBaJlacb TAM, HECMOTPA Ha TO, 4YTO PYHKUMOHH- 
PpOBaJI JIMIb OMMH M3 HHX, Kak A NoJlaraio, MOTOMY, YTO CMepMHu CIIOCOOHEI 
BbINOJIHATb CBOIO (PYHKIHIO JIMWIb B TOM CJlyaue, KOra OHH ABJIAIOTCA TIpO- 
YKTOM OYeHb Hef@aBHeroO HM MpHTOM cBOeoOpasHoro KJIeTOUHOTO MeJIeHHA. 
TakuM o6pa30M, MpeAKH MOKPbITOCeEMAHHDIX MOJyYHIH OT HHKeCTOALIUX 
rpyil MOUTH TOTOBbIM MYXCKOH anmapaT ABOMHOPO OMJOMOTBOpeHHA; Kak 
TOJIbKO CTA] BO3SHHKATb CHJIbHO peAYUHPOBaHHbIN 3apO]bILeBblit MeLIOK, 
BTOpoH ChepMui cTas ycnelHo tbyHKWHOHUpOBaTb. UTo Ke KacaeTcA CaMOnO 
OCYILECTBICHHA BOHHOPO OMJOMOTBOPeHMA, TO OHO C HeH36ex%KHOCTHIO BbITe- 
KaeT BCe H3 TeX 2%Ke€ OCHOBHbIX KJICTOUHbIX 3aKOHOMepHocTen (°). 

TakuM O6pa30M, aHaJIu3 IMOpHOOrM4YeCKUX (PaKTOB He TOJIbKO He Maer 
OCHOBaHHH JIA BbIBOa OO KOHOKPaTHOM» BO3HHKHOBeCHHH MOKPbITOCeMAH- 
HbIX, HO CKOpee MoATBepxKAaeT B3rIia (°) O NOMHTOMHOM Ux Mpoucxorxse- 
HHH OT pxya MpewecTBOBaBLUHX UM (opm. 
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PH3SHOMJOTHA PACTEHHH 
C. E, FOMOJIAKO 


NJIACTHAbI WH KPAXMAJI B KOPHSAX CAXAPHOM CBEKJIbI 
(ITpedcrasaexo axademuxom A. JI. Kypcanoeoim 18 II 1954) 


| Bonpocsl CTpykTypbI HM pOJINM MWwacTH B KOPHAX CBeKJILI He BOcTaTOUNO 
CBellleHbI B MeuaTH. Hacrosiee cooOmleHHe HMeeT LebIO BOCIOJIHUTb STOT 
poe xoTa Obl YacTHYHO. 

B KOpHaAX CBeKbI Mbl OOHAPYXKHIM WacTHAbl WBOAKOTO poma: GecuBeT- 

ble — JIEHKOMMACTHI H 3e/IeHbIe — xOponmacthl. O HasMuHM sJeliKONMacTOB 
aMH YyKa3bIBaJIOCb elle B OAHOM H3 paHee OMyOTMKOBaHHbIX padoT ('). 
eJIeHble MIaCTHAbl HAMM BiepBble OblwIH OOHApyxKeHb B 1948 r. kak B Mpo- 
OCTKax, TaK H BO B3POCJIbIX KOPHAX, WaxKe B rlyOOKHX COAX HX TKaHelt. 
Mpopoctkax cCBekJIbI B (pase 1—2 nap MMCTOUKOB XJIOpoMacTh OOpa3ywr- 
B OOvIbIIOM KOJIM¥eCTBE B MOACEMAOJIbHOM KOJIeHe — B KJIeTKaX TepBu4- 
M KOPbI, B KJICTKAX SHOJepMbl, a TakxKe B 30HE ApeBeCHHbI U sJyOa 
eCHTpaJIbHOrO WHIMHApa. B HMxKHeH YaCTH NOACeEMAMOMbHOTO KOJIeHa 3e.e- 
ylo OKpaCKy MOKHO HaliTH HW B UeHTpe 3Be3N04UKH: B MapeHXHMHbIX KJIeETKAX 
O OOeCHM CTOPOHAM TepBHYHOM KCHJIEMHOM MlacTHHKH. 
Bo B3pOcJIbIX KOPHAX CBEKJIbI OTHOCHTEJIbHO HHTCHCHBHOM 3eeHOl OKpac- 
lOH OTMH4aeTCA TOJOBKa CBEKJOBHYHOrO KOPHA HU JO HeKOTOPOH cTenmenn, 
Melika, pa3BUBUIMeca U3 MOACeMAAONbHOrO KOUIeHa. SemeHad OKpacKa 9TUX 
acTeli B3PpOCJIOTO KOPHA CBeKJIbI OOYCJIOBJIeHa HaJIMYHeM XJIOPOMAacTOB Kak 
} nepudepuyeckoli, Tak HM B UWEHTPaJIbHOM YaCTAX KOPHA, PlaBHbIM OOpa3om B 
PeBeCCHHHOH MapeHXuMe COCYHCTHIX NYYKOB, HEMOCpeACTBeHHO BOKpyr cocy- 
op. Ha 61u3k0e pacnoowKeHHve XJOpONacTOB K MpOBOAAWeH CHCTeMe B 
my6He KapTodesa yKaspipaeT B. I. Anexcanypos (7), Monyckaa BO3MOxK- 
OCTb IIPHYHHHOM CBA3H Me@2K AY KOJIMYCCTBOM A30THCTHIX BeLLeCTB HM MarHHa, 
OfaBaeMbIX MO MpOBOAAWIeH CHcTeMe H HEOOXOJMMBIX WIA MOCTpOeCHHA MoOvle- 
ytbl xsopopussa. B napeHXuMHbIX HU MpO3CHXHMMHBIX KJIETKAX B 30HE TOJIOB- 
WU WeliKH KepHA CBCKJIbI MOXKHO HAOMIOLaTb paco/O*KeHve XJOPOMMIAacTOB 
OKpyr aAep B BHJe BeHYHKA, a TAK%Ke H M3OJIMPOBaHHo. 

CrpykTypa xJlOpomlacToB KopHeli CBeKJIbI HMeCeT CXOJCTBO CO CTpykTypou 
NOPONMAaCTOB JIMCTbeB, YTO MOATBEP2KTaeTCA HasMuHeM rpauy. Tak, Ha TaH- 
CHTaJIbHOM paspe3e, CeaHHOM © MOBePXHOCTH FOJIOBKH HM IWeHKM KOpHA, 
eMocpeCTBeHHO NOX MpoOKol, B KJleTKaX MapeHXMMbl, MbI OOHApy KM 
OpommacTbl C MesKOrpaHyJIApHOu cTpykTypow. Takue xe rpaHybl xJIOpo- 
MIA OTUCTIMBO BUAHbI B XJIOPOMJacTax B K/I€TKaX 9HJOEPMbI, a Take B 
JleTKaX WeHTpasbHOH yYacTu romoBKU KopHsa. B crpykType x#oponsacToB Kop- 
eff CBeKJIbI MbI HaGul02aIM TOMOreHHy!0, rpaHyJlApHylo (ba3sy, a Tak»xe pac- 
al, CTPOMbI MU OCBOOOMKMeHHe rpaHy/ U3 NwacTHAbl. OuepugHo, Bce asbi, 
laOlofqaeMble B CTPYKType XJIOPONMMacTOB JIMCTbeB CBeKJIbI, OMMCaHHbIe B 
‘a6otax A. A. TaGenykoro (2), uMeloTCA H B XJOpomuactax KopHel. B mpo- 
OCTKaX CaXapHOl CBeKJIbI HaHOOlee KPyMHble XJOPOMacTbl C KPyMHbIMU Tpa- 
lyamMu xJOpopusia MMeCIOTCA B KJeTKAaX 9HAOMEPMbI, HEMOCPpeACTBCHHO MIpH- 
‘bikalouleli K KJleTKaM Nepuunka. Kak OyqeT MOKasaHO HKe, B KJeTKAX 
HOMep MBI B XJIOpOMMacTax OOpa3yeTCA KpaXMaJI, KOTOPbIM, OYBHAHO, AB- 
lseTCH MMTATeIbHbIM MaTepHaJIOM AJId HHTCHCHBHO PaSMHO2KAaIOUIMXCA KC 
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TOK Ile€pHUMKsIa, HMCIOULMX BaxkHeHWIee 3HAYeHME B MpOlecce YTOJIMeCHHA KO 
HeH CBeKJIDI. 

Kak H3BeCTHO, OOpasoBaHHe XJOpOuWIa B PaCTHTeJIbHbIX KJIeTKAX MO 
XKET IIPOUCXOAMTb TOMbKO Ha cBeTy. MHeHHe O TOM, YTO MOMbI, KTyOHe- | 
KOPHEMJOAbI MAIO OCTYNHbI WIA MpOXOKLeHHA JTyyeH CBeTa, ABJIAeTCA OOLIeS 
paclpocTpaHeHHbiM (*). OHaKo OOHapyXeHHe HaMH 3eJIEHbIX MIacTHA B Py; 
6OKHX COAX TOJOBKH HW YaCTHYHO WeHKH KOPHA CBeKJIbI 3aCTABHIO Hac NO 
rlyOxKe 3aHATbCA 9THM BONpocoM. B cBa3H C 9THM KOPHH CBeKJIbI HW TOL 
Ipyrax pacTeHuii OblwIM HCCeAOBaHbI Ha CMOCOOHOCTb MpOMycKaTb JIYYH CBe 
ta. Jla STO Ue MOJIOBHHKM KOPHA CBEKJIbI, a TaK%Ke KYOHA KapTodes 
TWION JIMMOHA, AOIOKAa BbICTaBJIAIMCb B PaMKe Ha MpOCBeT B OKHO TeEMHOE 
KaMepbIl. Oka3as0cb, 4YTO yKa3aHHble OObEKTHI MpeACTABIAIOT COOOH OTHOCH] 
TeJIbHO IIpospauHble Tea WIA MpoxoxeHua syyelt cBeta. Kpome Toro, Ms 

pelleHHa Bompoca, MpoHHkKae 

Taoanna 1 JIM IPAMOM COJIHeCYHbI CBeT 

iipoxoxmenne Ipamoro conheunoro —< Ny epee... 
cBeTa vepe3 pacTHTeAbHBIe TKAHH B YKA3aAHHbIX BHIILME OObEKTOB: 
OTHOCHTC€AbHBX BEAMUMHAX ObINIO MpoHsBeAeHO oMnpeees 


HWe MpOXo*KTeHHA yell CBeT< 


Ly o A 
= = Ss yepes TOJILLy TKaHeH y Moculex 
P s & as HUX MOCpeACTBOM (PoToOseMen| 
HasBaHue OS beKTAa aS & 
=o | 23. Ta (copMecTHo c npod. U. N ! 

5 7S 
Sa% | 855  Tomwmaucspi). | 
Kak l0Ka3bIBaloT 39TH aH 
K (o ’ sit Hble, IPAMOH COJIHCYHbIN ene 
OHTPOJIb (MOTOSJICMECHT C IKPAHOM —_ : ye wh 
KayOenb Kaptojema. . .... .} 30 2 TU Dee ae 
, : mes 18 ; Hy10 TOJIWMHY TkKaHeH KIyOH 
‘ A Seat ee De! 13 HeH, KOpHeH uM m1070B. B cas} 
Kopenb CBeK JBI, paspes. B MpOLOuIb- i “ 3H C 9THM BIOJIHE BO3MOXKH 
KOE oCWOG OVC 5 AS 4 5 4 3) 

AGRO on) meee ye wal oD 4 AOHY STATE tO Soe a ae 
SIMCT STU MOMa Hs CUE Te ee ae 0,3 12 pacTeHHH MpH HaJIM4dHH Sede 


HbIX MvacTHA, a TakxKe cTeG) 

JI€BaA YaCTb KOPHA CBeKJIbI, B OCOOCHHOCTH Ha paHHHX (pa3zax ero pocTa, MO 
TyYT MpPOABJIATb CMOCOOHOCTh K COTOCHHTe3y. 
OueBHHO, B MPOpOcTKax CBEKJIbI XJOPOMMACTHI B MOACEMALOJbHOM KOVJIe- 

He MOryT aKTHBHO y¥aCTBOBaTb B CHHTe3e OpraHHueCKHX BellecTB, NPHHHMAa 
BO BHHMaHve HaJIM4He yCTbUuLL B 9TOH uacTH pacTeHusa. IIpoxomweHne sy4elg 
cBeTa Yepe3 TOJILLy BepXHeH YaCTH KOPHA HMeeT MECTO, OYCBHAHO, H MpH BBbI+ 
PalllMBaHHu KOpPHeH B MOYBe, BCJIeACTBHe Yero OOpas0BaHne 3eJICHbIX MIacTul 
B POJIOBKe H YaCTHYHO B Welike KOPHA CBeKJbI LaxKe B TuIyOOKHX COAX ery 
FKaHel CTAHOBUTCA MOHATHBIM. 
B auTepatype MMelOTCA yKa3aHWA, ITO KpaXMaJIbHble 3epHa OOpasylorcaA 
BHYTPpH CTpOMbI IWwiacrugp (*). Hau Ha6siogenua Hak cBeKOH NoKasaJMi 
HHOEe. 
B KOpHAX CaxapHOli CBEKJIbI H3 pa3HbIX OMbITOB B TeYeHHe HECKOJIDKUX eT 

MbI HaOJlOfasIM OOpasoBaHve KpaxMaJla B XJIOpomlacTax He B CTpoMe Mla- 
CTHObI, a B rpaHylax. B npopocrkax CBeKJIbI B Ke€TKaX NepBHYHOM KOpHI, 
SHAOMePMbI, a TakK%Ke Y BbIPOCIIMX KOPHeH HaOsIOAaIOCh MesKOrpaHyJApHoes 
pacipexetenve xMopomulia-B xoponmacrax. IIpu neticrauu J+ KJ rpany- 
Jbl XIOPODUa OKpalMBaJIMCb B TEMHOCHHHH WBeT, MOKa3bIBad PeaKILHIO Hal 
KpaxMaJl. B fecTHJWIMpOBaHHOH BOMe CTPOMA XJOPOMMACTOB pa3pbIBalacbh Ht 
rpaHyJIbl KpaxMaJla OCBOOO*KAaIMch W3 MlacTHAbl, HaNOJHAA MMM KJIeTKH! 
(cm. puc. 1). | 
Ha6sonenua Hak XJOpomsacTaMM JIMCTbeB CBCK Ib TAaKKe NOMTBEPANI| 
(bakT OOpa30BaHuA KpaxMawia B rpanywax. TlocmeqHee MbI HaGsmIonan 8B} 
XJIOPOMaCTAaX 3aMbIKAaIOULMX KJICTOK YCTbHUIL B JIMCTbAX, B KleTKax Mesousa| 
CeMAMOJIEH, a TAK2KEe BbIPOCIUMX JIMCTbeB CBCKJIbI IYTeM PeakUMM Ha kpaxMam| 
cJ + KJ. | 
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IIpuBenenuble (PakTbl yKa3bIBaloT Ha OOULHOCTh CTPyKTYPbI HW DeATebHO- 
TH 3CJICHBIX TIaCTH, B JIMCTbAX MW KOPHAX cBekIbl. YkazanHa A. A. Tabenn- 
oro (5) 0 6e7KOBO-sIMMOMMHOH MpHpose pany B 3eJICHbIX MWIacCTHMaX JIMCTb- 
B MOATBEPKAalOT BOSMOXHOCTH OOPas0BaHHA KpaxMaJla B rpaHysax. 

B autepatype pacipocTpaHeHo MHeHHe, 4TO B OOBIUHbIX YCOBHAX NpoOUN3- 
‘aCTaHHA CBeKJIbI KpaxMavia B KOpHaX 1-ro roma He OOpasyerca (°). JLanupie 
Jallux UCCeAOBaHHit MOKasbIBalOT, YTO STOT BOMpOc elle He MOCTATOYHO 
gyueH. Bo BCAKOM Culydae, Mp UCCTeLO- 
ANH TOJOBKH OKa3aJl0Cb, YTO KpaxMall 
} STOH “ACTH KOPHA MOUTH BCerga OOHa- 
*KUBAeTCA Kak B IIpOpocTKax, Tak H B 
SIPOCLIHX KOPHAX. OTO WH MOHATHO, Tak 
AK B TOJIOBKe HMEIOTCA 3eJIeHbIe MlacTH- 
‘I — xJIOpoMacThl, B PpaHyslax KOTOPbIXx 
) OOpasyetTca KpaxMau. IlocmeqHee, oue- 
}iHO, CBA3aHO C MOBBILIeCHHOH (pepMeHTa- 
MBHOH JeATeJIbHOCTbIO FO/JIOBKH KOpHA 
€KJIbI 10 CPpaBHeHHIO C OCTAJIbHbIMH ero 


. M. Ko6skoson (7) ecTb yKa3aHua, TO 
WlaCTHAbl ABJIAIOTCA BMCCTHJIMILEM BCex 
/CHOBHBIX ()CPMeCHTOB KJICTKH. 
KpaxMaJl, oOOpa30BaHHbli xJloponuia- 
aMH B FOJIOBKe, He OOHAPYKHBaeTCA IPH 
pexoge B WelkKy H COOCTBeEHHO KOpeHb 
‘pu OOBMHBIX YCJIOBHAX BbIPalllMBaHHA 
(BCKJIbI, XOTA JICHKOMIACTHI B STHX VACTAX 
oOHapyxkuBaloTca. OnHako B 1949 r. 
} yYCIOBHAX BereTaWMOHHOro onbita Jla6o- 
jatopuu Ovoxumun BHIC c mpuMmeneun- 
(M Pa3HbIX 203 KOPpHeBOrO MMTAHHA BKOp- Puc. 1. 'Xaoponsactbi” MH KpaxMan B 
4X CaXxapHOii CBeKJIbI ObIIO OOHapy2KeHO He Bie nen ee Cae aN 
/OJIbIOe KOJIMYECTBO KpaXMaJla HE TOJIb- fanaa o6pasonaH ae ep oe 
[D B TOJIOBKe, HO MW B Welike, B COOCTBEH-  panynax — peaxuna c J+KJ, 6— 
| KOpHe WH JWlaxwKe XBOCTHKE. B OMbITe paca CTpOMbI XJIOPONNaCTOB H OCBO- 
DHMeHANaCb MUTATeIbHad CMecb BHMC Ooxnenne = rpanyt kpaxmasja pu 
IByX BpapHaHTax; BO BTOPOM BapHaHTe JCHCTBUK JCCTHJIUPOBaHHOHW BOTbI 
ATO OblIO B 2 pa3a MeHble a30Ta u 
jAJIMA HB 4 pasa MeHble cocopa, ueM B BapHaHTe MepBoM. YCJIOBHO Mep- 
IM BapHaHT OOO3Ha¥aeM «OHA 03a», BTOPOM — «MOJIJO3bI>. 
_ B mpo6ax, B3ATbBIX “43 3TOFO OMbITa, KpaxMaJ Obi OOHapyxeH 14 VII Bo 
Cex 4YaCTAHX KOPHA, Mp 9TOM B KOJINYeCTBe, HEOOBIUHOM JIA KOPHeH Caxap- 
}oH cBekJIbl. KpaxMav! OblI JIOKaIH30BaH B TOJIOBKe B 3eJICHbIX MacTHax — 
(IOpOMMacTax, a B WelkKe M HM>Ke B OECIIBETHDIX MIacTHsax — eHKonMactax. 
Bowbuioe KOMYeCTBO OeCIBETHbIX MWIaCTHq H KpaxMasia B HHX ObIIO 
JOCpeAOTOYeHO B OOACTH MapeHXMMHbIX Jyyel «3Be3OUKH», a TAKE B KJICT- 
}ax JpeBeCHHHOM MapeHXHMbI pa3BUTbIX KOJIelL COCYAMCTHIX MyukKoB. B Kop- 
IAX C OO0JIbIIMM KOJIHYeCCTBOM KPpaXMaJla, NMocueqHui HaOHO NAIA Kak B 
fOHAX COCYJMCTBIX Ny4YKOB, TaK HM B 30HAX MeXKOJbUCBOH MapeHXHMBI. 
BapWaHTe «OJHa 03a» MHTATeJIbHbIX BeWLeCTB KpaxMaJla ObIIO OovDbUe, 
jeM B BapHaHTe «NOJO3bI>. SHauNTeIbHOe YMeHbINeHve ero HaOMOMaOCh B 
kepvoga yOopKu pactenui — 11 X. 
| Jlokasu3auua MlacTHAHOrO KpaXxMasla B OTCJIbHbIX KJIeTKaX MOKa3aHa Ha 
uc. 2. B 6OoublIMHCTBe cly¥aeB JelKONMAaCcTH B KOMUeCcTBe 20 Hu OombUIe 
\bIIM paciovIOxKeHbl BOKPyr AQpa, MpHYeM KpaXMaJI B JIeHKOMNMAacTax NOKAaJIH- 
}OBaH OblJI B OTMCIbHbIX rpaHy/ax, KOTOPbIX HaOw0faocb OT 3 W010 B kax- 
fo# nactuge. Tipu meticrsun J + KJ sa Kpaxman crpoma JteifKorJacTOB 
IcTaBallacb OeCUBeTHOM, a TpaHybl OKpauimBanucb B cHHUi Weer. B mecTHa- 
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JMPOBaHHO! BOMe CTPpOMa JelikomacTOB HM rpaHyJibl KpaxMasla HaOyxaJr 
CTpOMa IlaCTHAbl paspbilBalacb MU TpaHyJIbl OCBOOOKMAaIACb, HaNOJIHAA UM 
KleTKH (puc. 2). TakumM OOpasoM, H B XJOponmacTax H B JlelKOMNacTax MI 
Hao as JOKaIH3alhlo KpaxMaJla B rpaHyJlax, HO B MepBOM CJlyyae B 3eJI 
HbIX TpanyJIax, a BO BTOPOM B GecuBeTHbIX *. CyleqyeT yKasaTb, ITO OTJIOXK 
Hue KpaxMaJla B KOPHAX CBEKJIbI B STOM OMIbITe ObIIO Ha YPOBHE CaxXapHCTOCT 
17—18%. 


a 


Puc. 2. JlefikonmuacTbl MM KpaXMal B KOpHe CaxapHo 

CBEKJbI. @— Je€HKOMMACTbI C rpaHyJaMH KpaXMaJa OK- 

pyxaioT supo, O6—pacnaq cTpomMbl Hu oOcBOOOmAeEHHE 

rpaHy KpaXxMasa u3 JeHKOMNaCTOB Mpu WeHCTBUM NECTHA- 
JIMpOBaHHOH BOJbI 


OueBHHO, yBeIMueHHe WO3bI Poctbopa B KOPpHeBOM MHTAaHHH pH onpene 
JIGHHOM COOTHOIICHHH a30Ta HM KaJIMA CMOcOOcTBOBaJIO OOpasOBaHHlo OO! 
Woro KOJMYeCTBAa TWwIAaCTHA, CMOCOOHbIX HaKaMJIMBaTb KpaxMaJl. CleMoBaTeJb 
HO, IIpH H3MeHeHHU YCJIOBHH KOPHeBOTO MHTAHHA MOXHO HalpaBJIeHHO H3Me 


HATb Tpolwecc KOalepBalhHu UH o0pa30BaHua WWlacTH 3aHOBO H3 IIpoTe 
MJla3MbIl. 


Bcecow3nHbl Hay 4HO-NCCIeCNOBATeAbCKHH lloctynna0 
HHCTHTYT CaXapHOH CBeKJDbI 44 V 1953 
Kues 
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Hornage Anagemun Hayr CCCP 
1954. Tom XCV, NM 4 


®HSHOJOLHA PACTEHHA 


Axanemuxk A. JI. KYPCAHOB u M. B. TYPKHHA 


« BONPOCY O ®OPMAX NOABU)KHbIX CAXAPOB B NPOBOJALWEM 
CHUCTEME CAXAPHOM CBEKJIbI 


B HacTosllee BpeMA CTaHOBHTCA BCe Oosee BePOATHBIM, YTO NpoBORAWIME 
PKAHM pacTeHHi ABJIAIOTCA AKTHBHBIMH yuaCTHHKaMH B Mpollecce mepesByrxKe- 
(M4 OPraHH4eCKHX BeLLeECTB H YTO HMCHHO B HHX OCYLLeCTBJIAIOTCA Te OHO- 
MMUYeCKHe MpOUecchl, KOTOpble OOycNOBAMBalOT camMoe mBMxKeHHe (!), 
Icxo4a H3 39TOTO, MbI HaMeTHJIM pA UcceLoBaHul MO OOMeHy BeUulecTB 
{POBOAAULAX TKaHeH. 

B HacTOALLeM COOOWICHHH MpHBOAATCH MaHHble, XapakTepu3syloulue yrvie- 
MOHbIN COCTaB H HeEKOTOpble (epMeHTHble CHCTeMbI COCYAMCTO-BOJIOKHUCTHIX 
MY4KOB CaXapHOl CBeKJIbI, MIABHbIM OOPa30M B CBA3H C BOMpOCcoM O opMax 
MBYXKYWUIMXcaA Caxapos. JIA BbIACHCHHA OTJIMYHTeIbHbIX OCOGeHHOCTeH cocy- 
(MCTO-BOJIOKHHCTHIX TYYKOB MbI MPOW3BOAMIH MapamwielbHO Cc anamu3aMu 
MPOBOMAUIMX MyTeli Ha Tex %Ke paCTeHHAX aHaJIOMMYHbIe HCCIEMOBAHHA JIHCTO- 
MbIX TylaCTHHOK H MapeHXMMbI JIMCTOBbIX YepelIKOB MOcMe yRaeHuA U3 HUX 
NPOBOJAUIMX MyTeH. 

| Merogom pacnpenemuTebHOH xpoMaTorpaduu Ha OyMmare Obimo mpexze 
BCero yCTaHOBJIeHO, 4YTO BO BCeX HA3BaHHbIX TKAHAX MPOCTHIe Caxapa Mper- 
ETAaBJIeHbI PIIOKO30H H PpyKTO3SOH, a WHCaxapa — Caxapo3dcii, KOTOpble B CyM- 


(losToMy B aJIbHelileM TrlaBHOe BHHMaHHe OpblvIO COCpeqOTOUeHO Ha 9STOH 
[pymne caxapos. Kpome Toro, B MpOBOAAIMMX TKaHAX OblNO OOHAapy2KeHO H 
NeOOJIbUIOe KOJIHYECTBO KpaxMauJla. 

| Jina KOJIMUeCTBeEHHOrO OlpeesIeHHA CaxXapOB COCYMCTO-BOJIOKHUCTHIe 
HYIKH W3BIeKANNCb U3 JIMCTOBBIX yepelikoB, ObICTpO PHKCHPOBaJINCbh KHMA- 
ju 96% 2sTaHOJIOM HM MOBTOPHO 9KCTparupoBasuch 82% astTaHosom mpu 80°. 
|CIMpT OTTOHAJICA B Ba- 
kyyMe mpu 35°, H B oc- 
aTke moce pas6aBue- Comepkanue caxapoB B pasau4HHX TKa- 
IqMa ero BOOM WM OUMCTKH wax cCBEKTOBHYHOrO pacTteHuaA (B Mr Ha 109T 


bipenemaiucb m0 Bept- cBexKero BeCca) 


TaOauna 4 


baHy peylMpyioume ca- 
capa uM caxapo3a (r0- Mon Seglicartes) oc a dipan: 
NIEHAA Mocie O6paoor- pany caxapa | posa | pop | Maa 


‘Md 4“acTH 9KCTpakTa Mpe- 
lapaTOM JpO>KKeBOH HH- 
pepTasbl). ANaJIOTH4HBIM  pycropaa naactuHKa . . 55 23 78 | 19,8 
DOpasoM HCCMeAOBaNMCh UYepemxu (6c3 mposors- a | sp 

MW Apyrue TKaHM CBCKJIO- max nye) 5. 280 18 ae seh 
Onpe- l[lpopognmme nyTH . . . 143 297 ; 
er bere P KOpPEUb I uoap 6 408) lake 32 10889 10TOC bene 
JeleHHA, MpOBOAHBIIHe- 

os sp apryctre 195!— | nae 
1952 rr., NoKa3asM MOBOJbHO CXOMHbI€ Pe3yJIbTATHI, KOTOPbIe MOryT 
MIpeacraBJieHbl Cle qyIouluMH Cpe,HAMU unppamu (cm. Taos. 1). | 

Kak Buguo u3 Ta67. 1, o6mjad KONMeHTpalluA CaxapoB B MpOBOAATIMX at 


TAX 3HAUHTCJIbHO, BbIIMe, YeM B JPyrHX TKaHAX JIMCTa, a B KOPHe B CBO 
ouepeb BbIIle, EM B MPOBOAALIAX NYTAX. OTO MOSBOACT CHeMaTb SAaKJIOT 
Hue, UTO MepesBH2KeHHe CaXapOB Y CaXaPHOH CBeKJIbI H3 KJICTOK JIMCTOBCE 
MapeHXHMbI B MpOBOAALLYIO CHCTeMY, a H3 STON MoceqHeH B TKaHH kOp 
COBepluaeTCA MpOTHB rpafHeHTa KOHIWeHTpaluu CaXapOB H, CJIeMOBATeJIbHO, Hy 
MOXKET paCCMaTPHBATbCA Kak pe3yJIbTAT MpOcToH Auppy3nn Ux. i 
OueBuHO, YTO TakOe MepeABUXKeHHE MOXKET ObITb OCYLLECTBJICHO JIMIUb 
pesyIbTaTe (pH3HOJIOrMYeCKON eATEJIbHOCTH MpOBOAALeH CHCTeMbI HW OJ 
HO COMNPOBOKLAaTbCA 3HAYHTeMbHOM 3aTpaTOH SHepruu. CBolCcTBeHHOe cocyAH 
CTO-BOJOKHHCTbIM MyYKaM HHTeHCHBHOe AbIxaHHe (') WM HX CMOCOOHOCTD ell] 
6oslee AKTHBU3HPOBaTb STOT Mpouecc B MpHCyTCTBHH Caxapospl (7) MOKa3bIBEs 
OT, UTO MPOBOMAULAA CHCTeMa PaCTeHH XOPOWIO NpHcmocoO/eHa K HeCeHHI}; 
MOMOGHOrO posa aKTHBHOH PyHKUMH. ih 
Caxapa B NpOBOMAWMX MYTAX CyUeCTBeEHHO OTIHYAalOTCA H MO CBOeMY Cd 
crapy. M3 ta6a. | BHAHO, ¥TO CpeMH CaxapOB B COCYAHCTO-BOJIOKHMCTBIX MYy 
KaX CaXapHOH CBeKJIbI MpeoOsamaeT caxapo3a, B TO BpeMA Kak B APyrhp 
YACTAX JIHMCTA 3HAYHTebHO Mpeo6awaloT MOHOS3HI. OTO pasHUve He YYATby 
BaJlOCb OObINHO Mpe?%KHHMH UCCJIeAOBATeJAMM, KOTOPble Ha OCHOBaHHH Bai 
JOBOrO aHaJlM3a JIMCTOBbIX YepeliKOB CaxXapHOH CBCKJIbI MIPHXOAHJIM K Bbb 
BOMY, YTO OCHOBHBIMH CaXapaMH ABJAIOTCA 3/[eCCb MOHOSbI H YTO, CIeRCy 
BaT@JIbHO, OHH HW COCTABJIAIOT NOABHXKHY!IO (OpMy yrsleBoOOB 9sTOrO pacTes 
Hua (5). TI[peo6Omaganne caxapo3bl B MpOBOAAWIHX MYyTAX sABJIAeTC 
BeCbMa XapaKTePHbIM HM YCTOMYHBbIM MpH3HaKOM CBOHCTBeEHHbIM CaXapHO}} 
cBeKJle, TaK Ke KaK H MHOrHM Apyrum pacrenusam (°, !5). | 
TakHM o6pa3om, | 

3HaUHTeJIbHOMYy Mmpeobs a 


WENO Hat 4 
JiaHHIO CaxXapO3bI VIG 


ConmepwaHuwe caxapoB B pa3saH4¥HBX BOJHbIA COCTaB cocy 1m 
TKAHAX ANCTA CaxapHOH CBEKAB (B MI CTO-BOJOKHHCTEIX Ty4Ke) 
Hats auc) CaXapHOlt CBeKJIbI cKope} 
nice ile rae we HallOMHHaeT COCTaB Kopf 

OHOCAaX , 

Tkann ae E HA, HeEKeIM JIMCTOBBI 

H M , 

pancte| yp |B lo OT) pyr |B % or HJIACTHHOK, Kaptard 
B Pa3JIMYHbIX TKAHAX JIM 

Neroste wee 5 5 4 a |) 00 175,5 | 100 00,2 | 100 CTa BbICTyMaeT Haray, 
JIucToBasd MWiacTHHKa 55,2] 27,0) 15,4] 16,5 | 32,8 Hee mpu mepecuete 9TH 
MepeniGneee st son et O4,4 lob, Ty sao) 0, tale 4 : 
? B ? 
Mpopoaamue nyta .| 10,4| 11/8] 6.8] 23,6 | 45,8 S°"44HH Ha ORMH JMG} 


(BMecTe C  JIMCTOBBIN 
yepellKoM). | 

Hs Ta6a. 2 BUHO, YTO Ha WOMO MpOBOAAUMX NyTeli B mucTe caxapHor 
CBeCKJIbI IPMXOAMTCA JIMWb OKOMO 10% oT o6ulero Beca mucTa. OnHaKo He} 
CMOTpa Ha 9TO, 20 46% Bceli caxaposbl JucTa cocpemOTOUeHO HMeHHO 3fecb. 
4TO NOSBOMACT MpeANONaraTb HaJIM4uMe M3OupaTeMbHOK aOcopOuHH Caxapo3b 
COCYMCTO-BOJIOKHUCTbIMU TyuKaMu (Tabu. 2). B mpoTHBonosoxKHOCTh ITOMY 
MapeHXWMa JIMCTOBOrO Yepellika ABJIACTCA TIaBHbIM AKKYMYJIATOPOM MpPOCTHIX 
CaXapOB M KOHIeHTpupyeT B ceOe Ooulee 76% ux ganaca B wucTe. Takum 
00pa30M, TKaHH MapeHXMMbI YepelliKa HW MPOHH3bIBalOllWMe UX COCYAMCTO-BOMO4 
KHHCTble MyYKM KaK Obl MpOTHBONOJOXKHbI MO COCTaBy CaxapoB, 4TO cBH ae? 
TeJIbCTBYeT O CTPOPOH pasrpaHMYeHHOCTH UX (pyHKUMH MW CHeLMMsupOBaHHO4 
cTH oOmeHa (cM. Ta6a. 1). Bricokoe cofepxKaHue Caxaposbl B mpoBogauiels 
CHCTEMe MOXKET OOSACHATHCA HIM CHHTC3O0M €€ H3 MOHO3 B MpOBOAALWLUX KJIeT 
KaX, WIM 2ke MSONPaTeIbHON abcopOunel caxdposbl U3 acCMMMJIMp yIOULAx 
TKaHeH. 

J\is TOMO YPOGbI 61M2Ke paso6paTbcA B TOM BOIIpOce, MbI MOCTaBHJIH pal 
JONOMHUTCIbHBIX OMbITOB, B KOTOPBIX NOMKapMJIMBasIM B TeueHHe 5 MUHH. 
JIMCTOBbIC MaCTHHKM CaXapHOH CBeKJIbI (6e3 OTLeNeHHA MX OT pacTeHua) 
MeyeHor yruiekucnoToH (C'O2). Ilocne storo mucToBbie nuacTHHKH M cocy- 
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[HCTO-BOJIOKHMCTble ITy4KH, H3BJICUCHHbI€ H3 YepellIKOB, MOABepraJiMch UCce- 
OBAHHIO Ha COfepxaHnHe pawoaKTHBHbIX Caxapos. Ja sToro ykKa3aHHble 
)KaHH SKCTpaMMpOBaJIWCb STAHOJIOM, SKCTPakTbl OUHULAIMCb Mp NOMOMA 
}OHOOOMeHHBIX CMO (KaTHOHHT CBC nu asuonut MMI-1) u nogBeprasncp 


bymare. IIaTHa, cooTBeTCTByIOlHe Caxapose, TlIOKO3e H (pyKTO3e, S9KCTPa- 
mpoBalucb 80% STaHOJIOM, 9KCTPAaKTHI BbIMAaPpUBaJIMCb WM UCMbITbIBAHCh Ha 
aJMOaKTHBHOCTb B TOPILOBOM CYeTHHKe. 

) Onpitpr noka3aiM, uTo Moce 5-MHHYTHOM SKCMO3HIMM Ha CBeTy payHo- 
NKTHBHbIA yrviepoq OOHapyxKHBaeTCA B JIMCTOBOH MvlacTHHKe caxapHoli 


fare rHApomMTUYeCKOrTO pac- 
WemeHHsA Caxapo3sbl. Takol 
BbIBOJ, CormacyeTcH HC Npet- Conepxanue MevyeHbX CaxapoB BAH- 
®TAaBJICHHAMH KapBuHa a CMOS OU WHOSE BE a COC WAINCWe- 


9HCOHAa (2); K KOTOPbIM OHH BOAOKHHCTHX Nywukax caxapHou 
CBeK JBI TOLGe oO-MHHYTHOH Il O I- 
KOpMKH CQO, (B MMN/MHH Ha 1 Lr cBexKero 
OJHOKJIETOUHBIMH BOJOpOc- Beca) 


(IAMH. 


TaOauna 3 


M3 aHHbIx Ta67. 3 BHAHO mea rao- | @pyx-| Caxa- 
‘akxke, 4YTO uepes 5 MHH. noc- ee || let eo 
jle Ha¥asa (POTOCHHTe3a B CO- 
hy MCTO-BOJIOKHH 
yA CTPIX NY4KAX,  Fuctopaa maactunKa . . .| 3400 | 6350 | 29600 


MISBJICUCHHbIX H3 Yepelllka, yKe Ilposogzamue NyTH (M3 HHK- 

)OHAPyXuBaeTCA  3HAUHTeJb- Hero KOHIa Yepemika) . .|Cueapi| Caenp| 993 
Foe KOJIHYECTBO MeYeHOH Caxa- 

®@O3bI, B TO BPCMA Kak PalYOaKTHBHbI€e MOHO3bI B 9TOT MepwoOs ellle OTCYT- 


oats es 
yi Byior B MPpOBOAAUeH CHCTEMe. ITH JaHHble, COrlacyloulvecAH C HallHdMu 
| 


S{pCAXHUMH OMbITAMH (3), alOT BO3MOKHOCTb 3aKJIIOUHTb, YTO Caxapo3a WH 
KaKOl-TO JIerKO OOpa3ylollHlica M3 Hee MpOmyKT u38OupaTebHO adcopOupy- 
jTCH H3 Meso(pHJ1a KJIeTKaMM MpOBOAAMeH TKaHH. 

| B pe3yaprate 3TOrO 3Ha4HTebHad YaCTb CaXapOSbl, BOZHMKAaIOMLell B Mpo- 
jecce (poTocHHTe3a, elle MO TOTO KaK OHA yCleeT HHBEPTHPOBAaTbCA B KJeT- 
ax smcTosoll MapCHXHMBI, OKa3bIBaeTCA CKOHUCHTPHPOBaHHOH B MpOBOMALLUX 
MYTAX, 10 KOTOPbIM HM COBepllaeTca ee NepesqBuxKeHHE K KOPHIO. Tako BbIBO 
hopmaaer c pesybTaTaMu Oosee paHHUX paoor, BbILWEeAWIMX 3 Halleli Wa6o- 
batopuu (2,3), a paBHo uc BEIBOgamMu A. Oxanenko (9) u A. Buapama (7). 
| Ecau “cxOQUTb 43 JONyULeHHA, YTO NepeABH2KeHHe OPraHHYeCKHX BeLeCTB 
sopepllaeTcH B paCTeHHAX, MOMOOHO NepeBHXKeHHIO MMHEPaJIbHbIX BeLIECTB, 
3 (bopMe HOHOB, TO HeTPyAHO NpHATH K MBICJIH, UTO TOMBHXKHbIM KOMIIOHECH- 
POM B CHTOBHZHBIX TpyOKax OKHAa ObITb He CaMa Caxapos3a, a ee tocdop- 
MbId sdup uiu cocdopuble 9upbl MpOCcTbIx caxapoB, Ha KOTOPble OHa JICrKO 
acnaaeTca M BHOBb OOpa3yeTca (bepMeHTaTHBHHIM IlyTeM ('%): 


JIuct 
V 
Caxaposa + H,PO, = Veees apupp + H,O 
Kopeub 


B TakoM cilyyae pOb Caxapo3bI 'B NPOBORAULAX MYTAX NOJWKHA COCTOAT 
He B llepeABMXKeHHU, a B NOMMepxKaHHH MOCTOAHCTBA KOHUCHTpalM BUKYy- 
jeroCA KOMMOHEHTA, UTO MOXKET ABHTHCA BaXKHbIM YCJIOBMeM, ONpPee/IAtOLMM 
Hanpapsmenue MU CKOpocTb NepexBuxKenua. IlocroxuHHoe MpucyTcrBue B COCyH- 
CTO-BOJIOKHHCTbIX HyyKax OcPoOpHJIMPOBaHHbIX CaXapOB, KOJIMYeCTBO KOTO- 
pbIX COCTABJAeT 10 HalIHM HaGJIOLeHHAM y CaXapHOM CBEKJIbI OKOJTO 15 mr 
Ha | r cyxoro Beca, WeslaeT Takoe MOMyWleHve BNOMHe BeEPpOATHEIM. 
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Onpenenenua uHBepTa3sbI* (moO paciilemeHHIo caxapo3bl). KpaxMaJIbHC™ 
docopuaspl (M0 CHHTe3y aMUO3bI U3 TIOKO30-1-ociata) u mociataa 
(MoO OTLULeMJeHHIO HeopraHuyeckoro docdata or Na-ranuepodocdata), mp) 
BeNeHHbIe HAMU B COCYAMCTO-BOJIOKHHCTBIX My4¥KaxX MW JpyrHX TKaHAX JIMCT 
NOKa3aJid, UTO HHBEpTa3sa MpOBOAAWIHX MyTeH MaJIO aKTHBHa Mo CpaBHeH 
C HHBepTa3oli B YepellIKaxX M OCOGeHHO B JIMCTOBbIX MlacTHHKax (Taow. 4 
SOTO cCOMKaeT TPOBOMALIMe NYTH C KOPHEM CaxapHOH CBeKJIBI, KOTOPbIM OT] 
YaeTCA, KaK H3BeCTHO, HH3KOl AKTHBHOCTbIO HHBepTa3bl (!°). MoxuHo noste 
MY 3aKJIIOUHTb, UTO B MPOBOAAWIUX TKAHAX YCJIOBHA WIA COXpaHeHHA Caxape 
3bl B HEHHBEPTHPOBaHHOM ¢) 
CroIHHH Gouee OlaronpsxTHI 
AKTHBHOCTb HeKOTOpHX ghepMentTosn EM B JIHCTOBOM NapeHxXuMe 
B TK@HAX JHC T-a caxapHou CBeK J bI B TKaAHAX yepellka, H 4TO, CI 

(Ha 1 r cBexero Beca 3a 2 yaca) AOBATCJIbHO, OCHOBHOI my? 


Ta6Onmuna 4 


a eae =  I'peppallleHHaA CaxapOsbl B C 
es | 83 aS CYMHCTO-BOJIOKHHCTHIX MYUK4 
val ‘e) 
lane & 8 B98 £8 He ABJIACTCA PAAPOJHTHYCCKHIP 
so | #5 | #5 8B To xe Bpema Pocdopuas 
=a | 82 | 62 paHee OOHAPy2XeHHad B KOPHS# 
H B JIMCTbAX CaxapHOH cBeHp 
11 
JIucToBas naactuuka . . .| 38,6} 257 | 6600 amet ), Ce ae 
IIpoponsmue nyt ....!| 7,4} 234 | 7000 @KTHBUOH HW B_ MpOBOAALL 
Jluctosble yvepemku . . . .| 15,8] 42 | 5000 MytTax (TaOm. 4), uTo xapa 


TepH3yeT 9TH MocwemHHe K 
TKaHH € HHTCHCHBHBIM yrvIeBORHO-(OCcPOpHbIM OOMEHOM. 

Hakoneu, (boccbata3a, WelicrBHe KOTOpOHl MO2KeT BbIPaKaTbCA KaK B TH! 
POJIMTHYeECKOM OTILeMIeHHH Poc(opHoK KUCOTHI OT (PoctOpHbIX 9upos, TA 
UW B Mepenoce ocTaTKoB docdata c OAHOrO OpraHHyecKoro akllelTopa Ha Ap} 
rou ('?), MpHcyTcTByeT B NpOBOAALLUX MYTAX B BeCbMa aKTHBHOM COCTOAHM! 
HM MpeBOCXOAHT flaxke AKTHBHOCTb (pocdaTa3bl B JIMCTOBbIX MWJlacTHHKa 
(Ta61. 4). Ha Bpicoxkyio (epMeHTAaTHBHY!IO aKTHBHOCTb MpOBOMALIMX TKaHe 
HEKOTOPBIX JPeCBeCHbIX PaCTeHHH yKa3bIBaeTcaA UH B pabote B. @D. Kynp: 
Biya ('*). 

TakuM O6pa30M, BbICOKad AKTHBHOCTb (ocdopua3bl HU PocdaTa3pl B mpe 
BOWALLHX MYTAX CaxXapHOH CBeKJIbI YKa3bIBaeT Ha OOJIbIUIMe MOTCHUMAaJIbHbIa 
BO3MOXKHOCTH STHX TKaHeli OCYLIECTBIATD Tpowecchl ocdopuwpoBanns 
eocopHJIdpoBaHHaA, a TAK*KC, BEPOATHO, M TpanctepuHpoBanua ocpopHb 
OCTATKOB, YTO MOXKET HMCTb OTHOWEHHe KaK K YHCTO 9HEprerHyecKoh cTOpE 
He JI€@ATCJIbHOCTH STHX TKaHeH, Tak MH K M€XaHH3MY MepeABYXKeHHA Caxapoer 
eCJIH MoceqHee CBA3AHO C HOHHbIM COCTOAHHeM J[BM2KYIULMXCA KOMIOHCHTOB! 


VUuctutyT du3snosoruu pactenui um. K. A, Tumupsazena Tloctynuno | 
Akawemuv nwayK CCCP 8 HT 1904 
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Hoxaagn Akagemun Hayxr CCCP 
1954. Tom XCV, N: 4 


@H3HOJIOTHA PACTEHHH 


MW. H. CBEWWHHUKOBA 
O BOSHHUKHOBEHHH DKHPA B KPAXMAJIbHbIX 3EPHAX 
(ITpedcraezeno akademukom A. JI. Kypcanosom 15 XII 1958) 


Bo.IbuIMHCTBO HCCIeMOBATeJIeH CKIOHAeTCH K TOMY, 4TO X%KUp BOSHMKAacT 
Tla3Me HW TOJIbKO B HEKOTOPbIX CJIy¥aAX B TaK HA3bIBaeMbIX 9JeOmMacTax 
f'). MuorouncuienHble OHOXHMMYeCKHe UCCIEMOBaHHA MOKa3saJIM, YTO B Ce- 
MeHaX MACJIMUHbIX PacTeHHH OOpasyeTcH CHavawla KpaxMaJ, KOTOPbIM 4a- 
;THUHO HI MOJIMOCTbIO HCYesaeT MPH CospeBaHHu CeMeHH, yCTyMan MecTO 
KHpy; BO BpeMsA MpopacraHua CeMAH HaGuJloOfaeTcA OOpaTHoe MpesBpalllenue 
MpOB B yruleBogwbl. AHasIOrM4HOe ABJIeHHe MC¥UC3HOBeHUA KpaXMaJla u Ha- 
PONJICHHA CaxXapOB HM X%KHpPOB OblMO yCTaHOBJIeEHO IIpH yxOMe pacTeHuli B MO- 
fOH B TOUKaX MWJIOROBbIX WepeBbeB (°). OceHbio UX KeTKH OObIGHO 3anOJI- 
CHbl KPaXMaJIOM, a 3aTeM 1B OT/eJIbHbIX KJI€TKAX MpPOAVKTHI pacnaga Kpax- 
fala, Mepexoqaujve B XKHPbI, OOHApyxKHBaIOT Cula60e pearHpoBaHHe ¢ 
CMHeBOM KHCJIOTONH MH OTpHuaTesIbHOe c cymaHom III. Ilo3aHee peakuna Ha 
ikupbl c cyqaHom III movwHoctbio 38aMeHseT peakIHio Ha KpaxMas (°). 
gicculeqOBaHHA B O6JIacTH OOMeHAa BellleCTB Y MHKPOOOB Tak?Ke MOKa3aJN 
fO3MO2XKHOCTh OOpa30BaHHA XUpa 3a CYeT Pa3JIHYHbIX CaxapoB. C mpyrolt 
JTOPOHbI, paOOTbl aHATOMOB TakxKe yKa3bIBalOT Ha MOCJIeEOBATeJIbHYIO CMeILy 
Jomep2Kalllerocd B KJleTKax KpaxMasia »%upom (°). Takum O6pa30M, CBHA3b 
porsny yruleBolaMu HW %KUPaMU He NOMMeXKUT COMHeEHHIO. OHako, HECMOTPy 
} 

| 


Ja TO, UTO MeXaHH3M [IpeBpallleHHA yrvleBOJOB B XKHP Ye MOBOMbHO We- 
jaJIbHO U3yY¥eH, MO CHX NOp He ObIIO CeaHO MOMbITOK MOJYYHTb HeMocpel- 
BeHHO W3 KpaxMaJia *up. Llnrosmoruyueckn 9TOT MpoMecc MCCIeLOBaH COBep- 


KHpooOpasoBaHHA B KJIeTKAX CCEMCHH MACJIMYHbIX PaCTeHHi, OCTAHOBHBIIMCb 
| TlepBylO OYepesb Ha BbIACHCHHH XapakTepa CBxA3H Mex Ay KpaXMaJIbHbIMH 
jepHaMH HM XXHpOM. 

! Meroguka uccJleqoBaHHa OblJIa paspaOoTaHa Ha CeMeHax apaxuHca, KOTO- 
ple, B OTJH4He OT CCEMAH MHOPHX JIPpyrHX pacTeHHH, cosepxKaT B 3peJlIoM 
jocToanuu, Kpome aJlelipoHa HM 2%Kupa, TakyKe HW KpaxMaJ. Ja BbIABJeHUA 
jceX yKa@3aHHbIX BelIeCTB IIpHMeHAaCb CJlefyloulad MeTosuKa. Cpespl B 
iHBOM He*UKCHPOBaHHOM COCTOAHHHM MIpHNOTOBJIAHCb BOSMOXKHO TOHbIUMe OT 
yKH WIM Ha 3aMOpaxKHBalolleM MUKpOTOMe. C eJIbIO OOee NOMHOrO 
(POKpaliMBaHHA %Kupa WapMaxOM JIPHMeHANaCb MpesBapUTedbHaa OOpa- 
loTKa Cpe30B WOAOM B MOZNCTOM Kawuu*. Ilocwe dukcalnu woOsomM Ccpe3 
WOOMBIBaJica 70° CMpTOM HM KpacHJICA Ha MpeAMeTHOM cTeKJie B TeYeHHe 
i mun. Bo u3s6exaHHe BbIMaeHHA OCayKa OT KpacCKkH MpelapaT MOKpbI- 
Jaca OKpOBHbIM ctTeksioM. Llapmax MpuroroBaIca To MeTOy 
|. H. Bospxuna **. [locate oxpacku WapjaxoM Cpes MpOMbIBaJIcA BOROH, 
ocule weno MOBTOpHO nompeprasica oKpacke woyom. IIpu 9toii obpaborKe 
“Mp OKpallmBaJicA B KpaCHbIH UBeT, KpaxMail B CHHHH, avleHPpOH B KeJITHIN. 


* B 100 ma Bomb pacTBopsnoch 2,1 r uogucroro Kaua Hu satem 0,3 r MeTaHue- 
| coro Hosa. 
** HacpillleHHbId pacTBop UlapJaxa B OeH30e HacTaMBaeTcA 2—3 cyTOK. Jina mokpacki 
ig MCXOMHbIM pacTBop pa3sBosutca 96° cnupToM B 8 pas. 


One 
i) IEAH, vr. 95, Ne 4 889 


Meroguka, paspaOoTaHHaad Ha CeMeHax apaxHca, OblJia IpHMeHeHa MU K Apyy 
ruM OObekTaM. IIpu 9TOM KpaXMaJl IPMHNMaJ pasJIMYHyIO OKpacky B 3aBHR 
CUMOCTH OT Mpeo6laqHHA B HeM MpH MoKpacke HOMMCTBIM KaJIMeM CHHEe? 
AMHJIOSbI UH PuOJeTOBOrO AMHJION€KTHHA. | 

Viurepecuble KapTHHbI TaK Ha3bIBaeMbIX «9JIeOMAacTOB» y MpHca 
IIPHBJICKIM Hallie BHHMaHve K 9TOMY OObeKTy. B ycTbulax JMCTbeB MpHcyy 
TO Hauyasla IBeTeHHA HHKaKOrO MaCJla He OOHapy2XKHBaeTCA, OHH COMep2xal 
TOJbKO KPpaXM@JIbHble 3epHa, OKpalliMBaloulMeca OT HOZa B POMyOo uBeT. Ke 
BPe€MCHH I[BeETeHHA pacTeHHH KpaXMaJI B YCTbHWaxX HadHHaeT OKpaLlMBaTbcs 
HOLOM B Oypo-uoueTOBbI UBeT, 4YTO YykKa3blIBaeT Ha MpeoOMamanne 3} 
KpaxMaJie B 5TO BpeMA AMHJONeKTHHA BMeCTO aMHJO3bI. B KpaxMaJIbHbIi 
3epHax ObIIM OOHAapyXXeHbI M@JIKHe KalleJIbKH JIMMOMAHOrO XapakTepa, OKP 
CHBINHeCA OT Wlapsiaxa B KpacHbI uBerT (pvc. 1). B fambHeliliem 9TH Ka 


Ci 


Puc. 4. O6Opa3soBannue ANNOUNOB B YCTbHWaX JHCTbeB y 

upuca (Hox + wapsax + non). @—rouyook Kkpaxmad (B 

yCTbuuaxX JO Havala WwBeTeHua); 6 —duoseToBbl (TO 

*Ke); 6—HayalO HaKONeHHA 2WHpa B KpaXMaJIbHbIX 

3epHaX B YCTbuWaxX UWBeTYWLMX pacTeHHuH UpHcoB; 2— 

BOSHHKHOBCHHE KPYNHbIX Kaleb WHpa HH; HCYCSHOBe- 
Hue KpaxMaa 


eJIbKH CJIMBaIOTCA HM aloT OoJlee KpyNHble KalIv, a KpaxMadl MepopMk 
pyeTcaA, aer cllaOoe OKpalluBaHHe OT HOMa U, HaKOHell, UWcCuesaeT Hu 
ycTbuy. IIpu pacnage kKpaxMaJIbHbIX 3epeH OOJIOMKM HHOrma. COMBAIOTCA }} 
KpaaM YCTbHUHBIX KJIeTOK. BBuxy TOrO YTO WapJaxX MOXKeT KpaCHTb, KpOM4 
2KMPOB, TaK2Ke MHPMeHTHI, OblJIa NpOMesahHa peakIMA Ha KApOTHHOMAbI U Xpe 
MOJIHMMONAbI. PeakuHa C HOMOM He Mala YepHO-3eJIeHOTO OKpallMBaHHA, 44 
ykKa3aJl0O Ha OTCYTCTBHe B YCTbHIWAX KaPpOTHHOMOB, a peakUMaA C CepHo!l 
KMCJIOTONH He Jasla KpacHOro OKPalMBaHHA, UTO CBUACTeMbCTBOBAIO O06 OTCYT! 
CTBHH XPOMOJIMMOM OB. 

IIpecrapiao WHTepec BHIACHHTb, ABJIACTCA JIM XapakTep NpeBpallleHys 
KpaXM@JIbHbIX 3ePpeH B JIMCTbAX MPHCa THMMYHDIM JIA Mpowecca *Xupooobpa) 
30BaHHA y Apyrux pacrenul. C STO WesbIo MbI MOABepriu HcceOBAaHHK 
CeMeHa Pa3JIMYHbIX MACJIHUHBIX pacTreHHii. 

Ilogcomneunuk. Ha onpezenenno case pasBuTua CeMeHH, HanpHi 
Mep y NOMCOJIHCYHHKA, BOCIMTbIBABWUeNOCA B OpaH2KepeliHbIX yCJIOBHAX, Hé 


—Fi 

Puc. 2. 1, 2, 3: oOpasoBannue %upa B KPaXMAMbHBIX 3ePpHaX SHAOCMepMa TopuHile 
(oq + mapnax + non). 1—o6muli Bug 3 mpH Manom yBennuenuu; 2—neTann 3 86 
OTUGIbHBIe KPaXMaJbHBIe SepHa B MOMEHT OOpas0BaHNA B HUX %XKUpa. 38a— apo sHAO 
cllepMa, TyCTO NOKpbITOe KpaXMaJIbHbIMH 3epHaMu, 386 — yacTbh KpaXMaJIbHBIX 3epeH Ha SMP 
mpeoOpascBalacb B Kup, 36 — pecOMaanve %Xupa H 3epen U3 XKupa u Kpaxmamna. 2, 4, 6 
6: BOSHUKHOBeHHe KUpa B KpaXMAaJIbHBIX 3CDHAX: KPaXMAJIbHble 3epHa, NepexosHEle opME 
2%upa H KpaxXMasa cO cBeTMOH 30NOii MexKY HHMH HW Kanan %xKupa (wom—-+t mapnax 4 
+ von). 4— moxcomneunnk Helianthus annuus, 4a — oryfenbHoe sepHo KpaxMama c 2KHPOM 
5 —ropuntia Sinapis alba, 6 — max Papaver somniferum. 
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5-H ACHb MOCe Havadia UWBeTeHHA CeMsl CTAHOBHTCA CBeTMOCepbIM c Gosee 
PHTCHCHBHBIM OKPallMBaHHeM Ha KOHIAX, a CeEMAAOUIM efO HAaCTOJIbKO HeXxKHUI, 
jiTO JerKO Pa3sWaBJIMBalOTCA Mp HaxkHMe MOKPOBHBIM cTeKJIOM. B 9To BpeMa 
JAMeT elle Mpolecc pasMHOXKeHHA KJETOK, Ha YTO yKa3bIBaIOT HabsOMaemple 
PMUTOSBI, a B 3ePpHaX KpaXM@Jla MO2XKHO HaG6wlOaTb BOSHMKalollve Kalin 
PKUPa: KJICTKH CeMATOJel MOMCOMHEYHHKA 3alOJHeHbI KpaXMaJIbHbIMM 3ep- 
#HaMH pasHOoro pa3Mepa, OosbIleH YacTbIO OBaIbHOH CopMbI HOvIeTOBO- 
{KOPHUHEBOTO IBeTa NOCe HOa B CBASH C NpeoOmaqanHHem B HEM aMMvoNek- 
ITHHa. Cpemu 9THX KpaXMAJIbHbIX 3epeH 4aCTb 3epeH He MMeeT TOMOreHHOIt 
{KPaXMaJIbHOH CTPyKTYpbI, B HUX OOHApyXUBAeTCH MUP, OKPACHBIIMHCA OT 
jilapiaxa B KpacHbIi uBeT (puc. 2, 4). B pa3Hnix 3epHax 9Ta oKpacka 
(IPOABJIACTCA B pa3HOH CTeMeHH: HeKOTOpble KpaXMaJIbHble 3epHa MOUTH 
WeIHKOM COCTOAT H3 KpPaXMaJla H UMeIOT TOJIbKO MaJIeHbKHe BKJIIOUe- 
HHA XUpa, Y APyrHX OKOMO MOMOBMHbI 3epHa COCTOHT M3 %KUpa H, Hako- 
Hell, Y TpeTbHX MOUTH BCe 3e€pHO COCTOHT H3 KPa MU TOJbKO Cc OMHO! CTOpO- 
HbI 3€pHa MOMKHO OOHAPyXUTb KpaellleK H3 OCTaTKa KpaxMasa. Taky1o x#Ke 
KAPTHHY MO2KHO BUeTb B KJleTKAX C€MeCHH POPUHILbI, 3a UCKIOUeHHeM TOYO, 
4TO ee KpaxMaJI OTMIMUAeTCA OT KpaXMaJla MOACOMHeYHUKa GOowee cepo-duo- 
JeTOBOH OKpackol oT Homa. Puc. 2, 5. 

Tlomo6Hoe xe ABJeHMe MOCTeMeHHOrO BO3HHKHOBCHHA B KPaXMAJIbHBIX 
3epHaxX XKHpa MbI OONAPyXHJIM B OOOMOUKe, 9HOCMepMe U 3apOmbliue op- 
MHPYIOWIMXCA Ce€MAH TOPYHIbl, Maka HM JIbHa. CyleqyeT OTMeTHTb, 4TO Y 
} KAXKMOrO BUMa pacTeHHA Mepexod KpaxMaJla B KUMP MpHypoueH K OMpesesen- 
HOMY TepHOJy BpeMeHH NoCJlIe Havasla IBeTeHHA; Havaslo 9TOTO MepHosa 
cOBlaaeT CO BpeMeHeM, KOra POPMUPOBaHHe UH POCT MIOLa npHOmMxKaIwTCs 
K KOHILy. 

Topunma. Oco6enHo yo6HO 6bI0 Ha6mOLaTb 9TOT Mporecc y Genoli 
M capentcKoH ropunubl. Ha 18-H qeHb MocJlIe Hauasla WBeTeHHA yalOcb 
OOHAPyXHTb Ha TOMepeyHOM cpese CeMeHH YOPUHIIbl CieLyloulMe Beran 
OMHCaHHOro Mpolecca; B 3epHaxX KpaXMaJla, Te yxKe Hauasl HakalJMBAaTbes 
} KUMP, KpaXMaJIbHaw 30Ha He HemMOcpeACTBeEHHO IIPHMbIKaeT K 30HeE X%KUpa, HO 
MexKIy HAMU HaOsllOomaeTca <«cBeTIaa» 30Ha (puc. 2,5). Sry cBersyio 30HY 
MOXKHO ObIJIO BUeTb He TOJIbKO Y KPYMHBIX KpaXMAJIbHBIX 3ePeH, HO TakxKe 
MY MeJIKHX H cpeqHUX (puc. 2,2). Sto MaccoBoe OOpa30BaHHe *KUPa B Kpax- 
| M@JIbHBIX 3e€pHaX MMeJIO MECTO B CKOMJICHHAX KPaXMaJIbHbIX 3epeH, pacmo- 
JIOKKCHHDIX BOKPyr Aep 2HM0cMepMa. Appa OblIH HaCTOJIbKO MJIOTHO OKpy- 
| 2%KeHbI KPaXMA@JIbHbIMH 3e@PHAMU, TepeXOAAWIMMH B XKHP, YTO ObiIN pasuil- 
YHMbI C TpyOM. CHatasia MOXKHO ObIIO BUeTb APA, OKpy2KeHHble OAHHM 
| Kpaxmavsiom (puc. 2, 3a), 3aTemM NOABUJINCb Mepexoyuble POPMb!I 3epeH Kpax- 
| Masia c »xupom (puc. 2, 36) u KaluIM wKUpa; HaKOHelL, elle AasIbille Bce aMpa 
ObIIH MJIOTHO OKPy2KeHbIl 2KHPOBbIMM WapHkKamu (pune. 2, 3 6). OOumi Bun 
9TOrO Mepexowa KpaxMaJla B XKMP MOXKHO BUseTb Ha puc. 2, I. 

Eve Oouvlee ACHO BBUAY OONbIlero pasMepa «CBeTJIOH» 3O0HbI MO2KHO Ha- 
610LaTb MocelHIOIO B CeMeHax Maka (puc. 2,6). Ha anamoruuHoh KapTHHe 
_jlepexoyla KpaxMasla B Xp, HaliqeHHO B CeMeHaX Maka Ha 14-ii WeHb Nocse 
IBeTeCHHA, «CBeTIAA»> 30Ha 3aHHMaeT HHOrWa OOMbIUWOH MpOMexKyTOK Mex*Ky 
*KHpOM HM KpaxMaJIOM, K TOMY 2%Ke OHa HeOMHOPOAHAa, B HEKOTOPbIX MeCTAax 
ee NOABMIAeTCH CaOblii KOPHYHEBLIi OTTCHOK. OTa CBeTMaA 30Ha COCTOMT U3 
MpOMeXKYTOUHEIX MPOAYKTOB, Yepes KOTOPble HAeT NpeBpallleHve KpaxMaia P 
*KMp — HeMOCpeACTBeHHble MpOAyKTH paciiaqa KpaxMaJla. SakoHOMepHoe 
CKOMIeHHe KpaXMaJla HelocpeMCTBeHHO BOKPyr sep KleTOK 9HmoCcMepMa_ Ii 
O6O/IOUKH CeMeHH TOPUMILI, MPH Mepexose KpaxMavia B xup (puc. 2, t-2, oO), 
MO3BOIAeT IpemnouaraTh yuacTHe apa B Mpowecce B3aHMONpeBpalleHuA B 
KuleTKe 3allacHbix BeulecTs. Kapruua yacTo HaOJOqaemMoro ABJICHHA HaKOII- 
JIQHUA JefKOMMacToR Hu XJOpOMacTOR Ha A\pax pacTuTeJbHEIxX KseTOK (", *) 
TOBOPHT O CiipaBeIMBOCTH STOrO MpeAnoNomKenua. Cksaquataa dopMa Apa 
(puc. 2, 5) yKasbiBaeT Ha BbIXO] U3 Apa B MWWla3My KaKMX-TO! BellecTB B MpO- 
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wecce OOMeHa MEX AY ALPOM H MW1a3MOH; BO3MOXHO, YTO 9TO OeJIKOBbIe KaTa- 
JM3aTOpbl — (PepMeHTH!. 

Kpome OMMcaHHbIX BbIle OOuee WH MeHee KPyMHbIX KPaXMA@VIbHbIX 3€- 
peH, B CEMAMOIAX MOACOHeYHHKa Ha TO %e (hase POpMHpoBaHNA CeMeHH, 
Kora OOoJO"UKa CeMeHH elle CcBeTJIOCepan Cc OO/Jlee HHTCHCHBHbIM OKPAaliH- 
BaHHeM Ha KOHHaxX, yalocb Ha6JioLqaTb MeJIb¥ualwIMe KpyNHHKM KpaxMa.la 
PAOM C MeJIbYalIIHMM KallebKaMu »%xupa. I]jpHHuMax BO BHAMaHHe NOCTAaB- 
JIGCHHbIi BONpOC O BOSMOXHOCTH OecHJacTHAHOrO TWIa3MeHHOTO MpOHCxowe- 
HHA KpaxMasia (7), rHmoTesa O ero MpOHcXO*KAeHHH B CBA3M C XOHJPHOCO- 
MaMH, @ MeJIbuaHINHMX Kaleb 2Kupa—H3 MaHHOrO «XOHAPHOCOMHOTO> 
KpaxMaJla JOJ2KHa ABHTbCA TpeAMeTOM aJIbHeliLIMX UCCJIeOBaHHl. 

TakuM O6pa30M, MeTOMOM IWHTOJOrM4uecKOrO aHaJIM3a OblvIO MOKasaHo 
JeHCTBUTeIbHO TIPOHCXOMAMee B CO3PeBaIOWMX CeMeHaX MacCJIMUHBIX pacTe- 
Hii O6pasoBahhe 2%Kupa B KpaXMaJIbHbIX 3epHax. Ecsm cTOATh Ha TOUKe 3pe- 
HWsi WwaCTHAHOrO MpOWCxoxKeHHA KpaxMawla, TO MOKHO pacCMaTPHBaTb 
reHe3Hc 2KUpa M3 KpaxXMaJla Kak Mpouecc, MpoTekaloulMii B OpraHouyax 
KJI€TKH. 

B 3aksuouenne BbiIpaxkaio OarogapHocts npod. A. A. IIpoxodpesy, nog) 
PYKOBOJCTBOM KOTOPOrO GbIIO MpoBeweHO AaHHoe uccJeqoBanHe, HM. A. Acn- 
KPHTOBOH 3a TEXHHYeCCKYIO MOMOLIb. 


Vinetutyt d@usuosoruu pacrenuk Tloctynuio 
um. K. A. Tumups3esa 3 XII 1953 
Akayemun nayK CCCP 


UMTHPOBAHHAS JINTEPATYPA 
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Kuna, Bor. xypH., 32, Ne 4 (1947). 


892 


oo 


Jorsagp AKkagqemun Hayr CCCP 
1954. Tom XCV, N: 4 


PHSHOJIOTHA PACTEHHH 


O. A. WAETJIOBA u ®, ®. JIEMCJIE 


O BJIAAHUW HPOLOJDKUTEJIbBHOCTH JHA 
HA ®OPMHPOBAHHE BEFETATHBHbIX H PENPOJYKTUBHbIX 
NOYEK Y BH3A 


(ITpedcraeaexHo axademuxom A. JI. Kypcanoeoim 8 II 1954) 


YcJIOBHA OOpas0BaHHA WBeTOUHBIX HM BereTaTHBHbIX HOUeK y JIpeBeCHbIX 
Opox Mo cux Mop Mao u3yyeHbI. B sMTepaType UMeIOTCA JIMIb HeKOTOpbIe 
BeJeHHA OTHOCHTCJIbHO BPeCMeHH HM MpOOJMKUTebHOCTH (bopMupoBaHuA 
acTel uperKa (*,°), a Tak?Ke OTHOCHTeJIbHO yCJIOBHMii O6pa3s0BaHHa pelpo- 
KTHBHbIX OpraHOB y MIOWOBbIX (%, 7, *). CyllecTByioT yKa3aHHa, UTO MHO- 
Ze JIPeBeCHble NOpoObl WIA TOMO, YTOOb! IpHCTYNHTh K ILBeTeCHHIO MW MJIONO- 
WIEHHIO, TpeOyioT exKerOJHO NOHW2KCHHBIX 3HMHHX Temnepatyp (|, °). 
CBeeHis O HeOOXOMHMOCTH OMpeeeHHbIX CBETOBbIX YCJIOBHi JIA ILBe- 
‘HHA HW MWJIOMOHOWMeHHA y JIPCBECHbIX pacTeHHii HaM HeH3BecTHI. MmMerourueca 
‘CIePHMeHTaJIbHble JAHHbIe TOBOPAT JHUIb O BO3AeHCTBHH yKOpOveHHOrO 
in Ha pOCT JpeBeCHBIX pacTeHHH, He 3aTparnBand BOMpoca O BJIMAHMM TIpo- 
DOJUKUTeJIbHOCTH HA Ha (POPMUPOBaHve BereTaTHBHbIX H PelMpOMYKTMBHBIX 
y4eK y WApeBecHbIx mopog (!°). 

Cuutaa, 4YTO yCJIOBHA CBeTOBOrTO pexKHMa (MpOJOJKUTeJIbHOCTD JHA) 
icTa JOJDKHbI BHAT Ha xXapakTep opMupytoulelica B ero Nasyxe MOUKH, 
pI TpOBeIM OMMCLIBAeMbIMi HH*Ke OMIT, pesyJIbTaTbl KOTOPOrO NOATBep AMIN 
MABHJIDHOCTh Halllero MpeknosomweHnaA. OObeKTOM WIA UCCeMOBaHUA CJly- 
jam pas (Ulmus scabra Mill.), npouspacraiomui B napke Borannyeckoro 
cTuTyta Akajlemuu HaykK CCCP. 

' Vispectuo, uTo y BxA3a [pelpOMYKTHBHbIe WH BereTaTHBHbIe MOUKH 3akJa- 
IBaIOTCA B lla3yxaX JIMCTbeB OAHOTO uM Toro we MoGera. BereratTupuble 
PUK OOpa3yloTca OObINHO B Nasyxax BepxXylleyHOrO HCTa HU HMAKepacno- 
PXKCHHBIX OMHOTO WJM BRBYX OOKOBbIX JIMCTbeB, a PeMpOAYKTHBHbIe — B Ma- 
IXaX TIOCJICLYIOUIMX GOOKOBHIX JIMCTbeB mo6era. Uactro MoxHO Ha6wlOLaTb, 
}> WHCTOBadA mMouKa (bopMupyeTca JIMIb B Ma3yxe TepMHHabHOrO JMCTA, 
(MpH OCHOBaHHH BCeX JaTepaJIbHbIX JIMCTbeB Pa3BUBaIOTCA ILBeTOUHBIC 
aku. Berpeyaiorca TakyKe MoOerv C OLHHMM JIMCTOBbIMM TOUKaMV, HO OHH 
.:TABJIAIOT H€3HAUNTCJIbHDIM MpoOreHr. 

) Tak Kak BereraTHBHad MouKa, KOTOPaA BecHOM CJlemyrolmero roma Maer 
\galo JIMCTOBOMy MoGery, pe3sko OTMMYAeTCA CBOel! 3a0CTPeHHOH copMori 
I[BeTOUHOH, UMelomeli OKpyrstyio dopmy (puc. 1 A), TO ene OCceHbIO 
PKO OMpekesUTbh, pasoBbeTCA MH MouKa B BereTaTHBHbIi WoOer HM Wact 
(10K UBeTKOB, XapaKkTepHbIii JIA aHHOTO Bua BABA. 

}Ha Gosbiui0oM exKeroxqHO OOHJIbHO MVJIOMOHOCALIeM epeBe HeCKOJIbKO 
)MCTBEHHBIX mo6eroB ¢ MAThIO HIM OOJIbIe JIMCTDAMM KaxKbIii MOMBepra- 
bb BOSMelCTBHIO YKOpoyeHHOoro pHa. C 2TOM WebIO Ha OMBITHbIe Moderii 


lomHeBHO B 18 Yac. HakepawHch WBOMHbIe OyMaxKHble MeIOUKH, H3HyNpPu 


I 


i 
| 


HbIec, a CHapyxKu Gelble WA WpekOxXpanenuA OT CHJIbHOrO HarpeBaHHA; FE 
Fac. yrpa Memwouku CHuMasucs. Takum O6pa3oM, oOmbiTHbIe MoOern Moay- 
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“amu 9-4acoBoe OcBelleHHe, B TO BpeMA KaK OOJIbINHHCTBO MOOeroB Ppocs 
Ha eCTeCTBEHHOM nlouTH 19-gacopom gue. Onbir Hayastca 19 VI (1952 r. 
Kora B Ma3yXaX JIMCTbeB ObIIM eJle 3AMeTHLI HCBOOPyKeHHBIM TlasOM KP! 
WeYHBIe MOYKU, MU Obit 3akonyen 15 VII, mocae Yero MaIbHeliliee pasBuri 
MOUeK OMbITHBIX HOSerOB MpOHCXOMHIO Ha eCTeECTBeEHHOM He, MpOJOJDK! 
TeJIbHOCTh KOTOPOrO K STOMY BpeMeHH paBHsAacb 18 yuac. B onpite 6 106 
rop moxBepramucb BosgelictBuio c 19 VI um NomyunnM, Takum 06p aso! 
96 yKopoueHHbIx juHeli; 2 mo6era —c 23 VI, nomyaus 22 yKopoueHHEIx TH 
u 5 no6erop—c 25 VI, nomyaHp 20 yKOpo¥eHHBIx Hell. 


Puc. 1. Xapaxtep moyek Ha pasHblx moOerax Baga. A—B CCTECTBEHHDIX yCuIOBH 
&5—nonyyupuux B 1952 r. yKopoyesupt genb c 19 VI no 15 VII; B— nowyunBL 
B 1952 r. yKopoyennpit enb c 23 VI no 15 VII; [—noasayansmux B 1952 r. yKopos 

HbIM WeHb c 25 VI no 15 VII. Sapucopano 281V 1953 r. 


Becuot 1953 r. Obl mpoBeyen .Mopdovioruyeckui aHaJIM3 ToueK, 0% 
3aBIUHH, YTO H3 6 MoGenoB, pOCWIMxX MpH H3Me€HeEHHOM CBeTOBOM perKHMé 
19 VI, 5 noGerop o6pa30BaJIN TOJIbKO BereTaTHBHble MOYUKN WM JIMUIb Ha | } 
Gere ctbopMupoBasiacb OHA WBeTOUHaA MouKa (puc. | 5), npwuem B Mad 
HeHlleM 3aBA3a10Cb BCero 3 Tvioga BMecTo OO6bIuHEIX 13—15. Ha 2 no 
Pax, MOJlyYaBIIHX YKOpOUeHHbIN WeHb c 23 VI, uMeocb Mo OHO IWBeTOUH 
mouke, TOrfa Kak OCTaJIbHble ObIIM BereTaTHBHbIMNu (puc. | B). Ha me 
9THX I[BeTOUHDIX NO“eK Take BMOCeCACTBHH OOpa30BaJIOCcb yMeHbIIeH] 
YHCJIO ITIJIONOB. | 

B uucae mo6eros, B3ATHIX B OnbIT 25 VI, uMesmuch noGeru c pa3svIMuH 
YHCJIOM I[BeTOUHBIX MoveK: 10 OMHOMy MoGery c 1, 2, 3 nouKamu 4u 
mo6era c 4 UBeTOUHbIMH MOuKamu (pue. | FT). Kak BugHo us pucyHK 
cayyae 20 yKOpOUeHHbIX Teli NOJIYYHJIMCh Takve 2Ke pe3yJIbTaTbl, Kak HW 
€CTECTBEHHOM JHe. STO OObACHACTCA HIM HeMOCTATOUHOM VIMTebHOC 
BO3eHCTBUA YKOPOUCHHbIM HEM WH TeM, 4YTO YacTb MoyveK B ocTa 
HoH Mepe ctbopMuposBastacb K 25 VI mu MosTOMy U3MeHeHHe CBETOBBIX yCJIO 
He OKa3aJiO Ha HHUX HUKaKOro BJIMAHMA. 

Ha OCHOBaHHH MMCIONMXCA JIMTepaTypHbIX aHHBIX HM HalIMx npex! 
pa6oT C OHOJeTHAMHM HM MHOFOJIeTHUMH TPpaBAHHCTLIMM pacTeHuaAmu 
yCTaHOBJIeHO, YTO B 3aBHCHMOCTH OT H3MeHeHHA CBeTOBOTO pexuMa (YyKCh 
YeHHbI Jeb, MIMTebHOCTb ero BO3MelcTBHA, BPeMA eno MpHMeneH| 
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MO2KHO IOJIY4HTb BereTHpylollve WIM UBeTyWMe pacreHus. CoorpercrBylo- 
He H3Me€HCHHA MO?KHO BbISBaTb HW y OTeJIbHbIX uacTeli pacrenus. Vure- 
pecHO Tak?Ke, YTO MHOPoJIeTHHe pacTeHUA (HaNpHMep, KOJIOKOIbYHK Kap- 
laTCKHH), UBeTUIMe B TeYeHHe HeCKOJIbKUX JeT, B MocuenylouMe romE BCC 
Ke OCTaIOTCH B BereTaTHBHOM COCTOSHHH, eCJIN He MOJIly¥aT CHOBa HeOOxo- 
MHMbIX YCJIOBHH JIA MpOXOKACHHA CBeETOBO! cTanuu. 

Tlogo6Ouble yKa3aHua, HO OTHOCHIMeca K craquH APOBH3allHu, MbI HaXxo- 
4M B padorax T. JI. JIbicenKo, Koropplit numer: «...u3BeCTeH PAZ, MHOFO- 
JeTHHX PaCTeHHM, exKeroqHo Tpe6ylolmlux apoBusauun. IIpu orcyrcrBuu ycJo- 
Mi JWI MpOXOKMeHNA CTaHH APOBH3alUH HeKOTOpHIe y2xKe MIOAOHOCHBIUME 
THOPONeTHHE PacTeHHA He CMOryT CHOBa IWIOMOHOCHTb» (2). 

Bce STH aHHble TOBOPAT O TOM, YTO KAKI TOL NOABAAIOUMeCA HOBBIC 
}OOeM AOU KHLI MPOXOMUTh cTagulinble H3MeHeHHA, UTOOL! 3aBePMINTD WUKT 
Boeno pasBHTHA. 

B pesyibTaTe MpoBemeHHOrO OMbITa c MOG6eraMu BA3a MOMKHO CHeaTh 
HSIBO, TO CBeTOBOM peKHM JIMCTa CYLIeCTBeHHbIM O6pa30M BuMAeT Ha 
)OPMMpoBaHHe NOUKH, HaxOMallelica B ero ma3yxe. Kak moKa3a OMbIT OT 
9 VI, B ycNoBusx yKopoueHHoro 9-yacoporo muA (OmpeeneHHO muTeWNb- 
JOCTH BOSeHCTBUA) 3aKaQbIBalOTCA BereTaTHBHble MOUKM, B TO BpeMs KaK 
a eCTeCTBeEHHOM He (OKOJIO 19 uac.) O6pasyloTca peNpoOyKTUBHble MOUKH. 
[3 9TOro CuleqyeT, YTO KaxKbI HOBHIM MOOer WpeBecHbIx pacTeHHit, MOOOHO 
6eraM TPaBAHHCTHIX MHOTOJIeTHHX PpacTeHHii, IPOXOAUT cTaquiinoe pa3Bu- 


Ham kKaxKeTCa, UTO NOJYYeHHbIe Pe3yJIbTATbI MOFyT CMOCO6CTBOBaTS JO 
SKOTOPOH CTelleHH H3y¥eHHIO MaJIO OCBeIeHHOrO B JMTepaType Bompoca oO 
iraqvHHOM pa3BHTHH JpeBeCHbIX pacTeHHl. 


BotaHuyeckuH WHCTHTYT lloctymuuo 
AkanemMuu Hayk CCCP 1 VIII 1953 


UHMTHPOBAHHASA JIATEPATYPA 
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.®, BeubdkenKosa, ©. ©. JlIehtcae, B. &. Kopakuna, M33. AH CCCP, cep. 
fon., Ne 4 (1953). 1°. JI. Ulenotbes, VUsyyenne cpeToso craquu pasBuTua 
eBeCHHIX pacTeHuit, Muct. arposecomesmmopauun, 37, Kaes—Xappkos (1938). 
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Jlornage Akagemuun Hayr CCCP 
1954. Tom XCV, Ni 4 


3OO/JOrHA 


B. B. BAPCYKOB 
O CMEHE 3YBOB Y 3YBATOK (CEM. ANARHICHADIDAE) 


(ITpedcraezexo akademuxom E. H. [aeaoeckum 5 II 1954) 


Bce BHAbI pbl6, mpHHawwekauMe K CeMelicTBy 3yOaTOK, OTMUAIOTCA MOLL- 
sIMH 8yOaMH, paclouOx%KeHHbIMH B Ba pAwa Ha KaxOH Mexk4eJIOCTHOH, 
AKHEUEIOCTHOM, HEOHOM KOCTH HM Ha commHUKe. Y Bcex syOaTOK 3yOpl Je- 
ATCA Ha KJIbIKOBHHbIe, KOHHYeCKHe HM OyropKOBHAHbIe. KuIbIKOBHHbIe 3yObl, 
ACIIOJIORKCHHbIE HA MeXKUCJIOCTHBIX KOCTAX H Ha Mepe/HHX YaCTAX HHKHE- 
JIOCTHBIX KOCTeH, IIpHCMOCOOJIeHbI K OTPbIBAaHHIO OT CyOCTpaTa Mpukpemato- 
XCA K H€MY OPfaHH3MOB (MOJWIIOCKOB, MOPCKHX exeli HT. Il.), a KOHMYe- 
Kue H OyropKOBHAHbIe 3y- 
1 —K pa3pbIBaHHioO H pas3- 
ABJIMBaHHIO TMaHUblped ITHX 
DraHH3Mos. 

| Kaxknabii 3y6 CHR—uT y 3y- 
TOK Ha WOKOJIe, BbICOTe KO- 
)poro MIpsAMo MponopiHoOHab- 


| 
la BEIcoTe 3y6a. Llokomu co- 


MMHUX 3YOOB, OOBINHO CJIHMBA- 
jrcs B CIWVIOWHY!IO KOCTHY!O 
jaccy, KaKyILyloCcA aCTbIO 
PCTH, Hecylleli syObl, Ocuo- 
mHve 3yOa uspesaHO cKJaz- 
MH, BXOJAUIHMH B COOTBET- 
| Byloll[ve CKlaqKH Ha Beplln- 
> WOKOJIA, YTO elaeT coenu- 
Hue 3y6a C IOKOIeM oueHb 
ounpim. Mexgzy mwoKkoramu, 
5MHM3H HX OCHOBaHHi, 3aua- 
hY!O 3aMeTHBI yrslyOneHua, B 
42K Oe 3 KOTOPbIX BHEepser- 
1 SMaJIeBbI OpraH, Hecyllnii 
aMellaioulu 3y6 (2). O 3a- 
feularollux 3yOax y 3y6aToK 
IbIIO H3BeCTHO jaBHo (6, 7), 
|}{HaKO JO CHX NOp ocTaBasocp 


| 
lf 


Puc. 1. 3y6bl Ha HMKHEYeMOCTHBIX KOCTAX. A — 
y oco6elt, nofimannprx B Mae (y A. lupus maris-albi— 
B uioHe); 5—y ocobeli, nofmMaHHpIxX B CeHTAOpe. 


1—A. latifrons; 2—A. minor; 3 —A. lupus 
lupus; 4— A. lupus maris-albi. @— oTBepcTuA 
quid 3amMellaioulnx 3y6oBp. Buyrpu oTpepcTHH y 
ceHTaOppcKux A, lupus BUAUbI saMellaloulMe 3yObi, 
y A. latifrons uw A. minor OnM BbInaJM Mp Ma- 


f B KaKHe CPOKH MpoucxosUT 
MeHa 3y60B. OtTor mpouecc 
(DOCIexKeH HAMM Ha aTJaHTH- 
W2CKHX 3yOaTKax. 


wepauuu: y Malickux ocoOel Bcex TpexX BUOB Ha 
MecTe OTBEpcTHH IA 3aMelaioMNx 3yOOB — JIMUIb 
HeOOMbmINe YyrayOneHHA 


B mae 1951 r. Hamu 6bII0 uccmeqOBaHO B BapeHleBom Mope MO HeCKOJIb- 


| * Tlopaqumomy, moxppitpie aMampio. T. B. AcBoun (7), He oOnapy2xKuBUIMH OMaIH Ha 
'y6ax A. lupus, Mor uMeTb emo yxKe co crepTHIMM 3y6amu. Y auuuuKn A. lupus lupts, BBI- 
Wed u3 UKpbI, No cooOujenuto JI. Ll. MapunuKesuy, 3yOnl NOKpbITbI 9MaJIbIO. 
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ocHopaHua, Y MHOrMX MocpequHe OyropKOBMAHEIX BYOOB UMewacb OCTpad U 
yxKe cTepTas, MpHHABIUAA BH COcO“Ka BePUIHHKa. Yray6nenni MexKILy 
KONAMH JIA 3aMellaiolmlux 3y6oB y TaKHx 3yOaTOK MIM ellle He 6buI0, Hi 
OHH TO/JbKO HayMHasH OOpasoBbiBaTecs (cM. puc. | A). Bonee Toro, BCT] 
uamuch cunue (A. latifrons) u pexke naTauctble (A. minor) 3y6aTKH c eI 
He OKOCTeHeBIUHMH WoKoJamu. Bce 3yObl y HUX CHeJH HeNpOuHO, maTaJV 
MW ObLIM O CAMBIX BePLIHH 3aTAHYTI COCAMHATeIbHOM TKAHbIO. 

B ceuta6pe 1950 r. y Bcex Tpex BuOB (OCOOeHHO y A. lupus) Bce 3y@ 
ocoOeHHO OYFOpKOBMAHbIe, OBI CTepTbl, a yruyOueHHA MIA 3aMellarouy 
3y60B CHJIbHO yBeruyeHbl (puc. 1 5). Buytpu sTux yrayOseHHi ObIJIM BHAt 
Kpyluble 3aMeliiaioume 3yObl. Y HeKOTOPbIX oco6eli crapbie 3y6bl JlerkKo Bb 
MbIBaJIMCb. 


Puc. 2, 3y6pnr Ha comuuKe y A. lupus maris-albi 
NOHMaHHOH B CenTAOpe. A — cOoKy, b —cpBepxy. Pas- 
BUBIUHeCA 3aMelaloulNecd 3YObl CHAbHO pa3pylliHJu 
WOKOJH CTapbixX 3yOOB, CpeqHHe U3 KOTOPHIX yKe BbIBa- 
IMMCb,. 3yO6aTKa Ta Ke, yTO Ha puc. 1 BH, 4. 


Hakonen, B centa6pe 1951 r. y oguot A. lupus maris-albi* woxo 
BC€X 3YOOB ObIJIM CHJIbHO paspyLICHbl, YaCTb CTapbIx 3y6OB yxKe BbIBaMa 
a B OCHOBaHHH WOKOMel Che OYeHb KpYMHble 3amewlaoulwe ByOn ( 
puc, 2). Ocrambubie A. lupus maris-albi (20 9k3.) umMemu B cenTaGpe 3 
B COCTOAHHH, OIH3KOM K ONMCaHHOMY BBILIIe. a 


* 
Besomopckas syOaTKa, OTAMUAIOWMaACA OT OGuTaloMe B mpyrux uacTAX ape 
ake at hee: irveetigie.* cnepeH HH%KHEH YeV/IIOCTbIO, MeHbINIHM YHCJIOM aM 
1a HeOHBIX KOCTAX (y 6HbemoMopcKOH 8—16, Bc 

4 peqHeM okoslo 12, B Apyrux uac 
Uk oe B cpeqHeM OKONO 16), HU3KHM TeMMOM pocta MeHbINHMH paeenier 

{MM MW MeCHbINeH MIOLOBHTOCTbIO, BbIgee i 
ost ae ; AeeHa HaMH B oco6ni nonmBpun A. lu 
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B c6opax IlowspHoro Hay4HO-NcCIeOBaTebCKOrO HUCTHTyTa MopcKoro 
)bIOHOMO XO3HHCTBa HW OKeaHorpaduu UMeJIHCb MOMOAbIe 9K3emMMapb! A. lupus 
upUs, MOObITHIe B Pa3sHble MCCALL TOMa: Hallocb Mo 2—3 ocobu AIA KarxKjO- 
)'O Mecalla, KpOMe AHBaps H aBrycta. Y Bcex 3yOaTOK, MOMMAHHBIX B JeKaOpe, 
3yObl CHJ[eJIM Ha ellle He OKOCT@HEBIINX IOKOJIAX. B [aJIbHeieM, BIJIOTh 10 
HOAOpA, CTepTOCTh 3y60B, a Tak»xKe M BeMHUMHA yrulyONeHHH AIA 3aMeltaro- 
IMX 3y60B, HaMeTHBIIHXCa ellie B deBpave, MocTeueHHO Hapacrasa. 

3 mpHBeweHHbIX HaOsIOReHHH clefyeT, ITO y BCeX aTMaHTHYeCKHX 3y- 
aToK HaGOLaeTcA perysApHaA CMeHa BCex 3y60B cpa3y WIM MOUTH cpasy. 
3 yJIOBax MbI He BCTPeTHJIH HH OLHOM 3y6aTKH, JIMUIeHHOM He TOVIbKO BCeX, HO 
WXOTA Obl 3HAYHTeJIbHOM YacTH 3Y60B, 4TO He HAaGOMIOMAJIOCb, HaCKOJIbKO 3TO 
\M3BeCTHO, H Apyrumu. Toubko y Bunaur6u u Pea (8) wmMeerca yKasaliHve Ha 
syOarky, Y KOTOpOH Bce 3yObI ObIIH «oONOMaHbI>. IIpomecc cMeHbi 3y60B 
(CHJIbHO YCKOPseTCA TEM, UTO PasBHTHE 3aMellalOWlUxX 3y6OB MpoucxOAUT elle 
(MO, CTapbIMH, Ha IIPOTAKeHHH BCero NepHora PyHKUMOHHPOBAHUA NOCMeMHNX. 
[lo Mepe pa3BuTHA 3aMellalollHx 3yOOB IWOKOJH CTapbIxX pa3pyllaloTcs, TO 
|B KOHIe KOHI[OB BBISbIBaeT BbINaeHHe CTapbIx 3y6os. B 9To BpeMaA 3aMe- 
/ULarollHi 3syO ro (opMe HU pa3sMepaM OUeHb CXOMEH C IpeAMIeECTBEHHHKOM, EMY 
fOCTAeTCA JIHINb HECKOJIbKO MOLpactTH B BLICOTY H MOMHATHCA Ha HOBOM LOKO.Ie. 
| Bopany A. lupus maris-albi — A, lupus lupus — A. minor — A. latifrons, 
|B KOTOPOM HapacTaioT ryOHHbI, IpeMounTaeMble KaxKAbIM 3 BUOB, HaMe- 
s1aeTcA CBH2KeHHe CPOKOB CMeCHbI 3yOOB Ha 3HMy H JlaxKe Becny. IlopuauMomy, 
‘y Bcex 3yOaTOK CMeHa 3y60B MpHypoyeHa K Hayasly ce3s0Ha, HaWMeHee Oularo- 
IIpHATHOrO B OTHOWICHHH MHTAHHA. ITOT BOTIpoc, a Take BOMpOC O CMeHe 
3yOoB y MOw0ZM 3yOaToK no 1—2-rogoBasoro BospacTa TpeOyloT yTouHeHHA 
Ha Ooulee OOLINPHOM MaTepHase. Y 3y6aTOK C HeOKOCTeHeBLIMMH WOKOJIAMH 
3YOOB KHUICYHHKH Uallle ObIIH MYyCTbl WH %Ke cosepKalH MHWb MATKYIO 
MHULy (MeJiKaad pbl6a, KPe€BeTKU, KHINeCYHHKH TPeCKH, BbIOPOIIeHHbIe ¢ Tpay- 
JEPOB) . 

BepoaTHo, CXOHO C ATMAHTHYCCKHMM MEeHAIOTCH 3YObI H Y THXOOKeAHCKHX 
i3yOatox. A. orientalis u3 Kommekuuai Soonormyeckoro uHcTuTyTa AH CCCP, 
| MOObITad B Mae, HMewa OCTPble BePIIMHKH Ha OyrOpKOBHAHDIX 3y6ax; y Mpy- 
(rol, loliMaHHoll B KOHMWe aBrycTa, 9TH BepUINHKH ObIM COBepIeHHO Hesa- 
} MCTHBI, BCe 3YObI CTEPJIHCb CHJIbHee, a OTBEPCTHA WIA 3aMellaloulux syOoB 
| yrayOusucp. Anarhichthys ocellatus B 93TOM OTHOIMeHHH BPA JH MpemcrTaB- 
j JIAeT KakHe-1M60 OCOOeHHOCTH, TaK Kak yIrvIyOJIeHHA WIA 3aMellaloulux 3y6oB 
) OObIMHOPO AIA Apyrux 3syOaToK THMa Ha pucyHKax u Potorpadusax ee yepenos 
* (°, 4) BHMHbI MOUTH Ha BCeX HECYIIMX 3yObI KOCTAX. 

O6bIMHO MIpHHvMaeTca, YTO CMeHa 3Y6OB y KOCTHCTHIX pbIO HeperyapHa 
p(). SyOaTKH B 9TOM OTHOLICHHH MpescTaBJIAIOT UCKIOUeHHe. XapakTepHoil 
| OCOOCHHOCTHIO 3yYOaTOK ABJIACTCA TO, ITO HOBAA TeHepalluA 3yOOB pasBuBaeTCH 
yY HHX NO, cTapow, MexKy CIMBLIMMHMCA WOKOJIAMM ee 3yOoB. Cya MO pHcyH- 
} Kam u3 Tyapuya (°), Balistes viridescens u Sargus ovis B 3TOM OTHOMeHHH, 
| MOBHAMMOMY, CXOJIHBI C 3yOaTKaMH. 

| MoxxKHo mouaraTb, YTO OHOBPeCMCHHOCTh CMCHbI BCeX 3y60B y 3yOaTOK 
| CBA3aHa C WupdepenuManen ux syOHo cucTeMbI. OfHaKO HeAupdepenuupo- 
§ BAHHbIC MeJIKHe KJIbIKOBHIHbIeC 8yYObl Ha TIOTOUHIX KOCTAX y 3yOaTOK me- 
| HAIOTCA, TIOBHAHMOMY, Tak?Ke BCe€ OJHOBPCMeHHO HV B Te XKe CPOKH, TO A 
WOcTaJIbHble 3yObl. 


300u0rHyecKHH MHCTUTYT : Iloctynuso 
Akajemuu Hayk CCCP if 1 1954 
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IKCHUEPHMEHTAJIBHAA MOP®OJOTHA 


T. A. CAXAPYJIUI3E 


OBPA3OBAHHE XPYCTAJINKA H3 PE3OPBHPYIOWMETOCA 
ITUTEIUSA 


(ITpedcrasrzeno axademuxom A. H. A6puxocoeom 6 II 1954) 


| OnucpipaeMble B HaCcTOseli CTaTbe OMBITHI reTepo- H KCeHOTpPaHcnanta- 
FHH SIHTeIMA XBOCTa MeTaMOpO3HPYIOWIMX POJIOBACTHKOB B Tyia3Hy!o dally 
‘a MeCTO yJ{aJICHHOrO XpycTaJIuKa NOATBepRLaloT CxomHbIe WanHHple B. B. [lo- 
s0Ba (*), MOJIYYeHHbIe B yCJIOBHAX TOMOTPaHClaHTanun. 

_ Kak w3BecTHO, nodvexallui pesopOluu SMMTeIMH xBOCTa, MepecaxKeHHblli 
OJOBaCTHKaM B OOJIaCTb CHMHbI, pesopOupyeTca BO BpeMa MeTamopdo3a u 
a HOBOM Mecte. MuTepecHo OblIO MpocieqHTb cy—bOy Toro *Ke SMMTeJHA 
iocue Mepecayku ero B rula3Hylo Yallly rosoBacTHKa Apyroro Buga. Ecuu u 
6 9TOM CJIydae ZIIMTeMMM XBOCTa TOJIOBACTHKOB He HCIIbITHIBAeT PeSOPOMHH UH 
M3 Hero OOpa3yeTca XpycTaJHK, TO 9TO OyfeT HOBbIM BaXKHbIM JOKa3aTeJIb- 
£TBOM TOMO, UTO TKaHb, pasBHBalollladcA B OHOM HalpaBJieHuu, ToMakan Ha 
10B0e€ Me€CTO, MOM BJIMAHHeM HOBOH JIA Hee CPebI CYWIeECTBeEHHBIM O6pa30m 
I3MC€HHET MyTb CBOero pasBHUTHA. 

MatTepuagd uv MeTOX. B KayecTBe OObCKTOB JIA ONbITOB ObIJIM HC- 
HObSOBaHbI CuIemyrollue BUAbl OecxBocThix am@voOut: Rana temporaria, 
3ufo viridis, Bombina bombina, R. ridibunda. MarTepvan poOpniBasca B 
Bomoemax oKpecTHocteH Mocksbl. 
| Onpirpl 3aKJio¥vaHucb B MepecaqKax 9MMTeMA XBOCTa TOOBACTHKOB 
sspacTpyO riasHou ualliM mocde yaleHuA 3 xpycTamMKa. OToT snMTeTMH 
Pule Ha XKUBbIX MOHOPax MapKMpPOBAaJICA CTEPHJIbHbIM MOPOWIKOM KapMHHa. 
PelMmueHTaMu BO BCeX Ce€pHAX TPaHCaHTalMi Obi MCMOJIb3OBaHbI PO- 
MOBACTHKH, HaxOfAlMecd Ha YeTbIPeX cTaqMAX PasBUTHA (AWB C.D). n0- 
)}4opamMu — rousoBacTHKH, HaxoAllMeca Ha Meppow (A) craqun pasBuTua. 
| [lapanuembHo c OMbITaMM TpaHcMaHTawHH MpoBeseHa HW KOHTPOJIbHaA 
|epUA OMbITOB, 3akJOUaBIUAaACA B TOM, 4TO y TOJIOBACTHKOB, HaXOJALIMXCA Ha 
icTamuax pa3spuTun A, B, C, D, yqananca xpycTamMk m3 riasHoM valu. Vo- 
OBacTHKH cTagquu A yxKe MMe BHYTpeHHHe waOppl. Y romoBacTHKOB cTa- 
jou B — empa 3aMeTHble MOYUKH 3aHHx KOHedHOcTeH. TomoBacTuKu cragquu C 
fAMeJIH XOPOLO pasBUTble MOUKM 3a0HMX KOHeUHOCTeH. Y rosOBacTMKOB cTaquH 
D OhIJIH XOPOWO pasBHTbI 3aHHe KOHEYHOCTH. 

Jia MUKPOCKONMYeCKOrO UCCIeELOBAHHA MOMOMbITHDIM MaTepHal PuKcupo- 
Basica uepes 2, 3, 4, 5, 6 mec. mocme onepatuu. OuKcaunA NpousBomMsach 
/HACbILCHHbIM PaCTBOPOM CYJIEMbI C YKCYCHOM KUCOTOH. OObeKTHI KOHTPOUIb- 
(HOU cepHu uKCHpoBamuMcb xXuaKOCTHIO [leHKepa yepes 2, 4, 10 que u 
|3 Mec. mocze omepauHu. OObeKTHI MOOMbITHOM CepHuH OKpallMBasIMcb Ha 
icpesax TeMaJlayHOM, a KOHTPOJIbHOM CepHH — TOTaJIbHO OOpHbIM KapMHHOM. 
| Bpiio0 mpoonepupoBano 320 o6eKTOB, 43 KOTOPbIX JO KOHIa OMbITa OCcTa- 
(JOCb B XKHBEIX 92 OObEKTA, OCTAJIbHbIe MOTHOH BO BpeMA MeTaMopdosa. 
| K ocHoBHbIM ombITaM oTHOCATCA 54 2KHBOTHBIX, K KOHTPOJIbHOM cepHu — 
(38 2KHBOTHHIX. Becb MaTepHaJl pasOHT Ha YeThIPe CepHu, M3 KOTOPbIX TPH ce- 
[pHU IpemcTaBsIAIOT COO MaTepHad TpaHcilaHTalui B pasJIMWHbIX KOMOUHA- 
/IHAX HOHOPOB HV PeLCMHeHTOB, a YETBEPTAA CepHA — KOHTPOJIbHbIe OMBITHI. 
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Pe3sylbTAaTH ONBITOB 


I cepua. Jlonopp—rozosactuku Bombina bombina, peunnmHeHThl 
rojopactuku Bufo viridis. S3aduxkcupoBaHo 5 %KHBOTHBIX yepes 5 Hu 6 Me 
nocie onepamuu. XpycTatHuKH OOpa30BasIMcb y 5 OObeKTOB, a YACTHUBI Kap) 
MHHa OOHaPy2KeHbI B WBYX XPyCcTaJHKax. 


Ha puc. | qan nmonepeyHbl paspes MpaBoro onepHpOBaHHOro rlasa OAHONG 
H3 TeX XKHBOTHDIX (3auKCHpOBaH Yepes 5 Mec. MOCcTe omepaluH), y KOTOPbis 
s BOJIOKHMCTOH YaCTH BOCCTAHOBJICHHOFO XpycTaJIMKa HaHeHbIl YaCTHUbI Kap 
MuHa, Ha puc. 1, Bb —nonepeunblit paspes seBoro HeonepupoBaHHoro rasa 

Kak BHHO H3 9THX PHCYHKOB, 06a rla3a BIOHe pasBUTbl. XpycTasIMK! 
AUMepeHUMpoOBaHbl Ha SMMTeMIMabHyIO HM BOJIOKHUCTYIO yacTH. B onepupe 
BaHHOM TJla3y MHPMeHTHHIM 3Th- 
TeIHH TeECHO CBA3AH C KOOOUKa- 
MH WM TaJlOUKaMH PeTHHBI, 

II cepus. Jlonopp — routo- 
BacTuku Rana temporaria, peti- 
mueHTbI — romoBactuKu R. ridi 
bunda. SacbukcupoBpaHo 32 o6- 
ekta uepe3 2, 5 u 6 Mec. moc 
onepaunH. XpyctasHK o6pa3o: 
Puc. 3 Basica B 21 cryuae. Mukpockomn: 

yeckoe H3yueHhe Pla3a TUX KH 
BOTHBIX OKa3aJl0, 4TO H3 21 pa3BHBUerocH XpycTaJIMKa YaCTHIUbl KapMHHa 
o6HapyxXeHb! TOJbKO B 6 xpycTasHKax. B ocTadbHbix 12 cryyaax OO6pa30Ba- 
HHA XpycTaJIHKOB He HadOwoRanocb. [Ipu sTOM rila3Hble YalllM, B OTMMUHE OT 
Yall HEONe€PpHpOBaHHBIX Tia3, PaSsBHJINCb ATHMMYHO (CM. pHe. 2). 

Ill cepus. Joxnoppr—romopactuxu Bufo viridis, pewunuentst — Rana 
temporaria. SaduKkcupoBaHo 8 o6beKToB (Yepes 3, 5 HM 6 Mec, Mocme oMepa- 
wnu). XpycTauk pasBuyicn y 5 OObEKTOB, WaCTHILbI Ke KAPMMHA HalieHbl B 
Tpex xpyctamHkax. B Tpex caygaax 9STOH CepHH Ha OMepHpoBaHHOu CTOPOHe 
rla3Hble Yall pa3sBUJIMCb ATHMHYHO H XpyCTaJIMKOB He OOHapyxKeHo. 

IV cepua (KkonTpombHan). B ato cepuu na cramuax A, B, C, D yna- 
JNAICA XpycTaduK U3 MiasHOH ua. SaduKcupoBaHo 38 oObeKTOB yepes 4 
u 10 mHet u 3 Mec. Nocne onepayuv. Hu B ofHOM caygae He OOHapyxeHC 
BOCCTAHOBJICHHA XPyCTaJIHKa, CCJIM H€ CUHTATb JIBYX CJIy¥aeB, KOrLa BOSHUKJIL 
JIMH30NO0OHbIe OOpasoBaHHA. 

Cyn mo o6ulemy Busy ria3a, B STHX CulydaAx OMepalua Oblla Chemane 
HeyauHo (puc. 3). Empa 3amMeTHoe JMH30N0106HOe OOpas0BaHHe BOSHAKJIC 
3€Cb, HCCOMHeHHO, W3 YaCTH XpycTaMKa, ClyyaiiHo OcTaBlelica Mpn erc 
YaIeCHHH M3 riasHol walUH. 
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SakawouennHne 


TakuM 06pas0M, ONMCaHHble 3€Cb pe3ybTATbI OMbITOB yKa3bIBaloT Ha 
€sBbIYaHHy!0 9Heprnio MopdodusnosOrvyecKHX CBA3CH, BOSHUKAIOUIAX MeX- 

rla3HOH Yalleli HK TpaHCMIaHTaTOM H CMOCOOHBIX MepenalipaBuTb nNyTb 
\SBHTMA pesopOupyiollelica TKAHH axKe B YCJIOBHAX reTepo- HM KCeHOTPaHC- 
|laHTalyHn. 
IIpucyrcrBue ywacTHl, KapMHHa B psyle TaKHX XPyCTaIMKOB yKaSbIBaeT Ha 
), ITO OHH MeHCTBUTeJIbHO OOpa3z0BasIHCb Hg HMIVIaHTHpOBaHHoMo MaTepHa- 
a. OrcyTcTBHe KapMHHa B OCTAJIBHBIX XpyCTaJIMKaX MOXKHO OObACHHTb TeM, 
)O BOJIOKHHCTad Macca xpyCTaJIHKa MOBpexalacb BO BPeMA MPHTOTOBJIeHHA 
belapaToB (pe3ka Ha MHKpOTOMe), BCJIeACTBHe Yeo YaCTHIbI KapMHHAa Mor- 
1 BbIMAacTb. 
MoxiHo yCOMHHTbCA B TOM, YTO pasopOupyIOlHlica smMTeIHi xBocTa, 
}pecaxKeHHbIM B rilasHyio Yallly, MeHCTBHTebHO MpeoOpasyerca B XpycTamuK, 
|BMeCTe C TeM IIpeAMOOXKUTb, YTO XpycTasIMK OOpasyeTca H3 BepxHero Kpaw 
MOM UalH, YTO HaOJIOaeTCA y xBocTaTHIX amdu6ult. Ho nawin onpirer mo 
<CTHpNauwu XpycTaJIuKa NOKasaJIH, YTO Ha OTHOCHTeIbHO MOSAHHX CTaMAX 
a3BHTHA OeCXBOCTHIX aM@HOHM BOCCTaHOBJICEHHA XpycTaluKa MHyTeM «BOVJIb- 
OBCKOH pereHepalHH» He NponcxosuT. OPoT c*akT ellie panee Obl yCTaHos- 
PH ClelHaJIbHO MpOBeeHHbIMM OMbITaMH ('). 

Pes3yJIbTaTbI ONMCAHHbIX BCCb OMbITOB CorlacyroTca c AaHHbiMn B. B. [lo- 
Ba (?), NoKa3aBlllero, YTO SMUTeJIMM H HEKOTOPble Apyrue TKaHH NocJe Mepe- 
YAUKM B Twla3HylO Yallly («BHYTPHIJla3sHble Mepecawku») Oco6eHHO ycMeLlIHo 
YpeoOpa3yloTca B xpycTasMk. EcTb OCHOBaHHA AYMATb, YTO B TasHO Yale 
VULECTBYIOT TaKHe yCJIOBHA OOMeHA BeLIeECTB, KOTOPble BO B3aHMOMeHCTBUL 
4 TpaHciaHTaTOM, OKa3bIBaloT Ha TOCeMHHM cmewudpuyeckoe BoselicTBHe. 
1 Bmecte c TeM O¥4eBHHO, ITO O6YCJIOBJICHHbIe OCOHCHHOCTAMH MeCTHOTO 06- 
jeHa BelleCTB XapaKTepHble JWJIa ria3a MOpdodusnoornyeckve CBA3H O6JIO- 
(MpY!OT JI€licTBHe BbISbIBAIOIHX MeTAaMOP(o3s SHOKPHHHBIX BIMAHHH. Onn 
{peoTBpalllaioT pesopOuMio SMTeIMA XBOCTa HM COMeHCTByIOT ero Mpeppa- 
H[CEHHIO B XpycCTaJIHK. 
| Ha ocHopaHnu Hallux aHHbIX MbI MO3BOJIMM ceOe CleaTb CuleLyroulne 
EbIBOJIBI. 
| 1. PesopOupyroulniica anutesmmii xpocta Bombina bombina, Bufo viridis u 
Vana temporaria, moMelleHHDIM B yrulyOJIeHHe TiasHOW Yam ToJlOBacTuKa 
?. ridibunda, R. temporaria u Bufo viridis, npeoOpasyerca Bo BliomHe ccop- 
)@poBaHHbI xpycTaiHK, Lud@epeHUMpOBaHHHI Ha 2MMTeMaIbHYIO MU BOJIOK- 
PucTyIO 4¥acTH. 
| 2.Tlocne ymaneHua xpycTasuka y OecxBOCTbIx aMpuOuK Ha CpaBHUTeJIbHO 
fo3 HX JIMMHHOUHBIX CTaWAX PasBHTUA BOCCTAHOBJIeHHe HOBOTO xpycTaJIuKa 


ryTeM <BOJIbOBCKOH pereHepaliMu» He MDOMCXOAHT. 
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@®HSHOMOTHA 


E. A. BJIATHMHPOBA 


H3MEHEHHE COJLEPXKAHHA MNPELOBPASOBAHHOrFO AMMHAKA 
B bOJIBWUMX NOJTYWIAPHAX TOJIOBHOrFO MO3IrA KPbIC 

/-B COCTOAHHH TOPMODKEHHS, BbISBAHHOLO BO3JLEMCTBHEM 
YCJIOBHbIX PAST PAXKHTEJIEN 


(ITpedcraerexo akademuxom K. M. Botxosuim 6 II 1954) 


_ B npexnux uccreqoBaHuax MOHWKeHHOe COepxKaHve aMMHAaKa B MOSTy 
Mbl HaOJioqaM B Ciyyaax ypeTaHoBoro cHa ('), B cocTroaHHH ruly6oKol 
<TeENCHH KHCJOPOAHOH HemocTaTouHOcTH (7), Np AMTebHOM Oe3yCJIOBHO- 
pePMeKkTOpHOM pasapaxeHnun (3). B cocTrosHHH TOpMOXKeHHA, BbIsBAaHHOrO 
IBOSEUCTBHEM YCJIOBHbIX pa3paxuTeleH MTebHOCTbIO 120 ceK., cofep- 
PKaHHe AMMHaKa B MOSry OKa3asl0cb Ha 19% HuxKe HOpMB (4). B nocue- 
MLYIOWHX OMbITax B MepBble 15 ceK. BO3MeHCTBHA TEX 2K CAMBIX YCJIOBHBIX 
pastpaxuTeseHh HaMH OblIO OOHApy2KeHO MOBBILMeHHe YpOBHA aMMMaKa. 
1B cBa8u c 3THM ABHJIACb HEOOXOMMMOCTb BbIACHUTb IIPHYnHy OOHapyxKeHHOrO 
|HaKONJIeHHa aMMUaKa B Mosry. MeroquKka uccmeqoBaHua ONyOMKOBaHa B (4). 
jCxeMa KaMepbl IpHBezena Ha puc. |. 

| KomauuecTtBo aMMMaka B OOJIbINMX NOJyWapHax rowOBHOrTO Mosra ompe- 
inenan MeTOJOM BaKYYMHOH JeCTHVIAWHH C MoceLylouleH coTomeTpHenr 
}OKpacKH, pa3BuBalollelica mpH npHOaBneruu HeCCJIepOBCKOrO peaKTHBa. 
|B KayecrBe usMepuTembHOrO MpHOopa cayxKu corosieKTpoKosopumerp 
(D9K-M). UccneqoBanve npoBomMmoch Ha Kpbicax, y KOTOPBIX CMelMaJIbHO 
MYTeM JWIMTCJIbHOM TpeCHHPOBKH Oblla BbIpPaboTaHa OYeHb NpounaA yCJIOBHaA 
BUTaTeJIbHO-OOOPOHUTeIbHad peakUHA. 

[lomyueHHble 2aHHble B BUe CpesHUX KOJIMYeECTB a30Ta AMMHAKAa B MOSry 

(mpHBemeHbl B Tao. 1. CraTucruyeckan o6pa6oTKa mpoBegena Mo dopmysie 
| JIA MaJIbIX KOJIMYECTB OTIbITOB (4). 
ComepxaHve aMMHaKa B MOS8Ty JVJIMTeJIbHO TPCHMPOBaHHbIX KPbIC B CO- 
iCTOAHHU OTHOCHTEIbHOrO TOKOA OKasaJlOcb B Mpeseax HOPMbl — B CpesHeM 
(0,36 mr% a3ora amMuaka. MuoroxpaTHoe mogKpensenHe (40—60 couera- 
HUH) YCJIOBHOM MBHraTeJIbHO-OOOPOHHTeIbHOH peaKkIHH MMeJIO CBOWM pe- 
| SYJIbTaTOM YkKOPOYeHHe JIAaTeCHTHOMO MepvwoOa MW MOUTH NOMHOe ycTpaHeHne 
| OPHeCHTHPOBOYHOH peakuuu. Cia6ad OpHeHTMpOBOUHad peakuuA HaOMOMamacb 
)TOJIbKO BO BPeMA JaTeHTHOrO TMepuoga. CosepxKaHve aMMMaKa B MOSTy Ba 
| JaHHbI TepvHow yBeluuusoch B cpemHem Zo 0,44 mr%. Ha puc. 2 acHo BHAHO 
| CHM2KeHHe yPOBHA aMMUaKa, 'HaquHalolileeca C MepBbIX Ke CeKYHT MpHHATUA 
| XMBOTHBIM IIOJIYCTOAYeH MO3bI, MOCTHTatolllee K 15-% cekyHae BO3ReHcTBHA 
} YCJIOBHBIX pasqpaxutened 0,29 mr%, T. e. Ha 19% Hue HOpMp. Takum 
|} o6pasom, MbI He OOHapyKHJIM NOBDILICHHA YPOBHA AMMMaKa B MOSTIy, KOTO- 
| poe Ha6sI0qau B MpexKHHX aHaJIOrMYHbIX OMbITaX y MeHee TpeHHpOBaHHbIXx 
Kpbic. IlopuzvMomy, 9TO o6ycOBeHO OoNee CHJIbHOH TOpMO3SHOM peakuNer 
B ToclieqHem cayyae. Hapacranve aMMHaka B MOS8ry BO BPeMA JlaTeHTHOLO 
MepHofa BbIsBaHO, BEPOATHO, BO3eHCTBHeEM CaMOro TepeHOca KHBOTHOFO 
M3 KuIeTKH B KaMepy, H60 Takoro xe NOpsAaKa yBeJIMYeHHe KOJIMUeCTBA aM- 
-MuaKa MbI HaOulofasIM Y KOHTPOJbHBIX KpbIC B MepBble 5 CeK. MpeObiBaHHA 
MX B KaMepe 6e3 cllelMaJIbHoro pasapaxenua (B cpemnem 0,42 mr%). 


| 
i 


i 
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CocTosHHe TOPMO2XKeHHA, KAK NOKa3aJIH HalW JabHelilMe HCCeOBaHAA, 
yrulyOaeTcA 10 Mepe YAJIMHeHHA TepHORa BO3eHCTBHA YCJIOBHbIX pasApa- 
Y*KHTeeH, HO TOKe JO Kakoro-TO mpefeda, mocse vero HacTyNaeT Bura- 
TeIbHOe BO3Oy2KLeHHe. Tak, B CePpHH OMBITOB JWIMTeIbHOCTbIO B 10 MH. Ccomep- 
*KaHHe AMMHaKa B MOSry CHH3HIOCb Wo 0,22 mr%, T. e. Ha 39% HuxKe HOP- | 
MbI Hw Ha 50% HHyoKe HCXOZHOH BesIHYHHbI. Ho Obi w TaKHe KPBICbI, y KO- | 
TOPbIX B JaHHbIX YCJIOBHAX BbIHY2KCHHAA HeMOMBH2KHOCTb CMCHAIaCb O2KHB- 
JI@GHHOH OPHeHTHPOBOUHON peaklWel, CBHAeTeJIbCTBYIOWeH O Mepexoe co- 
CTOAHHA TOPMOXKeHHA B COCTOAHHe BOBOYKTeHHA. CosepxanHe aMMHakKa JO- 
cruro 0,61 mr% (Ha 69% BbIle HOpMbI). 


i) pas 0 eres 
leew gens ost ; -— @—4 


Puc. 1. CxeMa KaMepbI-WIHHApa Wd BhIPAOOTKH YCJIOBHHIX ABHaTeJIbHO-OOOpOHUTeAbHbIX 
pedsekcosw y KpbIC HM @uKCHpOBaHuA XMMMYeCKOrO COCTaBa MOsra. J -— KaMepa-l[MMHAp 
3 WaeKcursaca, 2—BbIXO, u3 KaMepbl B KOpHop, 3— KopHAop, 4— OKHO KOpuHgOpa, 
5 — 3acOHKa KOpHopa, 6 —MeqHbIN COCYA WIA %WUAKOPO KHCMOpORa C WBOKHbIMU CTeH- 
KaMH HM acOeCTOBOH MpOKNaqKOH Mex Ay HAMM, 7— 9OOHHTOBAA NOACTAaBKa Ha TPeHOXKHU- 
Ke, 8 — COMCHOH ADI C NOABWKHBIMU WepxaTeIAMU JIA WIOWatKu, J9—  sIeKTpoLHaA pelleT- 
Ka, pacioJlO#KeHHad Ha Weprxatenax, /0—peocTaT co wWkKaIohH Ha 45 B, J] — Tpaucdop- 
MaTop, /2—BbIKIIO¥UaTeb JIA 3aMbIKAHMA TOKA Kak Oe€3yCJIOBHOrO pa3sy_paxKuTessA, 
13 — BbIKMOVATeIb JIA OTTATHBAHHA WepKaTeJeh HM aBTOMATHYeCKOrO NakeHuA MAOWatKH 
B COCY C KHAKHM KHCAOPOROM 


IIpuMeHAS BOSReHCTBHe YCJIOBHBIX pa3ipaxkuTeseH 6e3 NMOAKpeneHua, 
HaM yflaloCcb B CpeqHemM Ha 20-M CO¥eTAHHH NOJIHOCTBIO yraCHTb MpouHO 
BbIPaOOTaHHY10 YCJIOBHYIO J{BHTaTeIbHO-OOOPOHHTebHYyIO peakiHio. Tenepb 
*KMBOTHOS, OYLYIH MOMELLEHO B IIpexKHIOIO’ APKO OCBEILLCHHYIO KaMepy, BMeCTO 
3aCTHIBAHHA B MOJYCTOAGeH 103e€ NPOABJIANIO XAPaKTepHOe JIBHFaTeJIbHOe BO3- 
Oy2xkeHve, KoumuecTBo aMMHaKa B MOsry B MepBble 120 ceK. BosyelicrBua | 
YCJIOBHBIX pa3qpaxkuTeseu mocTurmo 0,63 mr%. 

PesyJIbTaTbl JAHHBIX HaOJNOeHHH NOOYAHIH Hac BLIACHHTh XapakTep | 
H3MeCHEHHH COepxKaHHA AaMMHaKa B MOSTy B TepBble 120 cek. mocse 15 cex. 
BOSMeHCTBHA KAK YCJIOBHBIX, TaK HM Oe3yCJIOBHBIX pasipaxuTeseli, BbIsbIBAaIO- 
IMHX BOSOYKNeCHHE MWeHTpasIbHOH HepBHoOw cucrembtl. Ilosyuenubie pesyJIbTaTbl | 
IIpHBeweHbI B Tabu. 2. 

B ombirax c Bo3qeHcTBHeM YCJIOBHbIX pa3—qpaxuTejei 2KHMBOTHBIC BbIIIpbI- 
rHBaJ B foOaBOUHYIO HeMOXOxKy10 Ha MepByIO KaMepy, B KOTOpoit TIpH OObI4- 
HOM TpeCHHpOBKe OTAbIxXatH. Hecmorps Ha Mpekpaljenve BospelicTBHli ycuoB- | 
HbIX Pa3/IparxKUTeJIeH, YPOBCHb AMMMAaKa B MO3TY Ha MpOTHKeHHU MocueLyI0- 
906 


TaOauna 1 


Cogxepxkanune azs0Ta aMMHaka (B Mr % Ha CBexee BemecTBO) B 6O4bmHX 
TodymapuAax TOAOBHOTO MO3ra KpHC B HOPME H B COCTOAHHH 
| SaTOPMOKEHHOCTH, BH3SBAHHOM BOSREHCTBHEM YCAOBHHX pa3sapa- 
KUTeTeH pasHoh RANTeAbBHOCTH 


g 
- Opuenutu- 5 i Cpenu. (uw KpaH.) | Cpequaa | Cratucrnu, 
& YcNOBHA OMbITOB Pos. x -ex| Se ocToBep- 
o Peakuna AEZS Ses) mauHple M ownoKa m HOCTb 
s) EXSma/ 7&5 
PtOPMA iM, sig ie. cave 0 44 0,36 +0, 0098 — 
(0,17—0, 47) 
I] | Jlarentupit mepuor + 2—5|. 20 0,44 +0,0215| Hocrosep, 
(0, 28—0,58) 
III | SaropmMoxenHocTh — 
NouycTosuad 03a . — 2— | © 29 O, 32 +0,0190 » 
(0, 19—0,49) 
IV | 3atopmomeHHOcTb — 
NowycTos4an 03a . 15 18 0,29 +0,0192 - 
(0,18—0, 40) 
V | 3aTopMoweHHOCTh — 
NOJYCTOAYaA M103a, 
YMBIBaTeJIbHbIH pe- 
myexc, ypexenne 
WbIXaHHA, COHJH- 
BCT ie. 7 ts fohi2 120 39 0,29 +0,0134 A 
(0,140, 43) 
VI| SaropMoxweHHOCTh — 
NOJycTosuad 03a, 
yrayOmenne coctos- 
HHA COHJIMBOCTH . . 600 16 On22 +0,0151 . 
(0,144—0,32) | ~~ 
VII | Mepexog ot 3atTopMmo- 
2KCHHOCTH B COCTOS- 
Hve BOsOyHAeHHA .| +++-+/600 16 0,61 +0 ,0447 = 
(0,34—0,88) | 


TaOanna 2 


ComepwXanuve a30Ta aMMHaKa B OOABMUX NOAYMapuaAXx LTOAOBHO- 
rO MO3ra KpbIC B COCTOAHHH BO3SOYHKACHHNA, OTHOCHTEABHOTO 
MOKOA H TOPMOHKeHHS 


A30T aMMHaka 
Uncno 
Cepun YcNOBMA ONbITOB H3MeH, 
ONbITOB BM? "y BD K 
MCXOH. 
| 
Meet | You. peda. sos6ymn. 15.cek.,.....0. 15 0,64 
lity HRY Consitses AVA COL A ae, eminem 13 0,61 — 0,0 
II besycie-pema. pasipam, to ceke 6. es 10 0,54 
MNOmK SE MOMIbIAe A AOMCEK, WA use: ta Litintce alial satel 9 0,39 — 28,0 
Il Besyca.-pebm, pasapam. 15 cex. .....--.- 21 0,60 
MOwKETOOOKCERS vay See ae See eee 17 0,38 —37,0 
IV | Jlarent. mepuoy 2—5 “ceK., " opuenr. peaky. + 20 0,44 
cocTosHne 3aTOpMoxeHHocTH 600 ceK. Opnexr. 
peaky. —IayOokasa cTemeHb COHIMBOCTH ... . 16 0,22 —50,0 
Vv Ilepppre 15 ceK. C MOMCHTA MPHHATHA 2HKUBOTHDIM 
nosycTosyeH mosbl. Opnentup. peaky. +++ - 32 0,59 
CocTosmue 3aTOPpMOXKeHHOCTH NepBpie 120 cek.. . 39 0,29 —o1,0 


mux 120 cex. noHu3usica Bcero Ha 4,7%, OYeBHAHO, H CHa pa3qpaxKuTedib- 
Horo Mpomecca ocTamacb 6es 3aMeTHBIX HsMeHeHHH (I cepa). B onpirax 
c 6esycJIOBHO-pe@JIeKTOPHbIM pa3—paxkeHHem KOHTPOJIbHBIX KPbIC ?KHBOTHBIC 
mocue 15 ceK. pa3qpaxKeHuaA TOKOM OCTaBaJIMCb B TOM Ke KaMepe B TeyYeHHe 
nocuenyiomux 120 cex. orabixa (II cepua). KommuectBo amMHaka B MOSTYy 
CHH3HJIOCb JO HOpMb! HW Ha 28% HuxKe CBOeH HCXOJHOM BeJIMYHHDI. Ecum 
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jlanHoe u3MeHeHHe COepKaHHA AMMHaKa CPaBHUTb CO CKOPOCTbIO yCTpaneHHA 
MoceqHeroO TPH JWIMTeIbHOM pas—paxKeHHH TOKOM,  COMPOBO?KAIOIeMCA | 
pasBHTHeM 3allpesebHoro TopMoxenuaA (III cepa), TO OKa3bIBaeTCA 3],€Cb’ 
TpeOyerca MOUTH BO pas OOMbINMH CpoK WIA yCTpaHeHUA TaKkoro 2Ke usObIT- 

Ka aMMMaka. Pa3Hulla B CKOpOCTH ycTpaHe- 


= HUA AaMMMaKa OOYCIOBJICHa B JaHHBIX YC/O- 
> BUAX OMbITa AKTHBHOM SOOpbOol TOPMOSHBIX H 
x L 22% ; pa3paxKUHTeJbHbIX IPOWeCccOB, HelpepbIBHO- 
Se BOSHHKAIONUX TPH MOBTOPHbIX pa3sj[parkKe-— 
Su HHAX TOKOM pelleMTOPOB KOXKH KOHeYHOCTeH. 
Sg BepoatHocTb mogxoOHoro oOObACHeHHA™ 
s NOATBepxKaetcA tbaKTOM elle Gobel CKO- 
3 pocTw ycTpaHeHusa H38ObITKa AMMHAaKa B MO3- 
<2 Ty B COCTOAHHH TOPMOXeHHA, BbISBAHHOTO- 
is BO3IeCHCTBHeEM YCJIOBHBIX pa3iqpaxkuTevled 
$ (IV cepua). B qaHHOoM culygae 3a Te Ke) 
ied 10 MHH. ypOBeHb aMMHaKka CHHWKaeTCA Ha | 
S-sol vane 50% HH2Ke CBOeH HCXOQHOM BeJMUMHDI, T. €. | 


KOJIMUeCTBa aMMMaka Mosra, HMMeBIUero 

Eas oe aoe eee MecTO K KOHIy JaTeHTHoro mMepvoya. Eme 
TOPMOXKCHHOCTH Ppa3sHOH TIHTeIbHO- Pa3HTeJIBHEe BLIABHJIOCh BJIMAHME TOPMO3HO- | 
CTH M ecTecTBeHHOrO cHa (B % k YO Mpolecca Ha CKOPOCTb YyCTPpaHeHHA U3- 
Hope). /—JaTenTHDIi mMepwon; 6pITKa aMMHaKa B MOSTLY B OMbITaX, B KOTO- | 
a al pda, Reever ee PIX HaOMONaTach PesKO BbIPayKeHHad OPH 
noayctosueli nosh; 4—nepppe  CHTHPOBOWHAA peaKIlMA B MepBble 15 CeK. | 
600 ceK. cocTosHud TopMoxeHNaA; BO3NCMCTBHA  YCJIOBHBIX pas paxKUTeJen, 
5—rsayOoku ecTecTBeHHBI COH Kora BbICOKOe coylepxKaHue aMMHaka 
5—8 yac. (0,59 mr%) cHusHioch go 0,29 mr% mo 

Mepe pa3BHTHA COCTOAHHA TOpMoxeHuA. Menbue vem 3a 2 MHH. COsepKaHue 
aMMHaka YMeHbIIMIOCb B CpemwHem Ha 51% (V cepua). \ 

Boe BbIINeH3JIOKeHHOe He OCTaBJIAeT COMHEHHA B TOM, UTO TOPMO3HBIE | 
mpolecc mpexctaBsaer co6OoH aKTUBHBIM Mpomecc, xapakTepHsyloulMlica ObICcT- 
PbIM yCTpaHeHHeM H3ObITKA AMMHAKA B MOSTY. 

V1. II. Tlapnos, o6cy2xxqaa BOMpoc O B3aMMOOTHOWICHHH PasIpaxXUTeJIbHbIX 
MH TOPMOSHBIX Tpoleccos, mucam: «OcTaeTca elle BOoMpoc —eCTb JIM MHHH-— 
MaJIbHbIM CpOK JeHCTBHA W30JIMPpOBaHHOrO YCJIOBHOMO pa3sApaxKUTeJIA, KOTO- 
ppl He BlleyeT 3a COOOl B KWleTKe HapacTalollel TeHAeCHUMH K TOPMO3HOMY | 
cocToAHHIO?» (°). Ha sToT BaxkKHbIi Bompoc MO CHx Mop HeT MOCTOBepHoro 
oTBeTa, H60 camo BosOyxeHHe, Oyly4yH Kak ObI OOpaTHOM cTOpOHO Top- 
MOXKCHHA, y2Ke HeCeT B CeOe YCIOBHA IIA NMepexoxa B TOPMO3HOM mMporecc, 
XOTA Obl B OTHOMICHHM 3aTpaTb! XHMMUeCKOM SHEPMMM, paspylieHua KaKOli- 
TO MOIM «pa3qpaxuMoro» BelLeCcTBa. 

Hatleqmiad orpaxkenve B HallMX OMbITaX APKO BbIpaxKeHHad ‘CBASb OG- 
pasOBaHHA M yCTpaHeHHA aMMHaka B OOJbINMX MNOJYIAapHaAX TonOBHOTO 
MOosra C HSMCHCHHAMM PYHKUMOHAIbHOrO COCTOAHHA WeHTpabHO HepBHO!t 
CHCTEMBI CBHCTCIbCTBYeT O TECHEHINEM OTHOIMeHHH Tpowecca amMMuaKkooOpa- 
30BaHHA K «pa3qpayKUMOMY» BellleCTBy WIM KOMIVJICKCy BelecTB, HrpalollHx 
BaxKHY!O POJIb B JICATCJIBHOCTH POJIOBHOrTO MOsra. Orciofa BbITeKaeT 6eccnop-— 
Had HeOOXOMMMOCTh Hapayly c (pusMOOrMyecKHM aHaJIH30M B3aHMOOTHOIIeHHH 
PasMPazxkHTeJIbHBIX WH TOPMOSHBbIX IIPOMeCccoOB MpoBesqeHuA OuOXHMUYeCKOTO HU 
(PH3HKO-XHMMYeCKOrO MCCIeOBAaHHA. 

VMuctutyt dusnouorun um. VU. 11. Masaorza 

AkaemMun Hayk CCCP 
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IMBPHOJOTHA 


E, C. PAJIBHHKOBA 


KPHTHYECKHE MEPHOUbI PASBHTHA WH PEAKTHBHBIE FPynnbi 
BEJIKOBDbIX TEJI 


([Tpedcrasrexo axademuxom A. H. Onapunoim 19 I 1954) 


B 9MOpHOHaJIbHOM pa3sBUTHH pblO MH aM@HOUL MMeIOTCA MepHObI yCHJIeH- 
Horo H OcJa6eHHOrO pocta. Pa6otamu A. H. Tpudouopol u ee yaeHHKOB 
yYCTaHOBJIeHO, YTO MepHOAbI ocMa6TeHHOrO pocTa OnOIOTMYeCKH XapakTeph- 
3YIOTCA MJIOXOH MpHCMOCOOJIACMOCTbIO pa3sBHBaIOlerocad 9MOPHOHA K H3MeHA- 
IOWMMMCA YCIOBHAM BHellHeH cpegbl. [losromy OHH Ha3BaHbl KpHTHYeCCKHMH 
MepHowaMv pasBuTua. DusuolorMyeckH SIMOPHOHbI B KPHTHYeCKHe MepHo bl 
Pa3BHTHA XapaKTePH3YIOTCA CHJIbHBIM JbIXAHHeM, CHH2XKCHHbIM aHa9pOOHbIM 
paclienvieHHeM H MaJIbIM COfepxKAHHeEM B LWHTOMIas3Me HYKJICOMpOTeHAOB. 
B nepvHodbl HHTCHCHBHOTO pocTa, HaOGopoT, 2IMOPHOHbI OTMMYAIOTCA BbICOKOH 
CTOHKOCTbIO M XOpOlleH MpHciMocoOAeMOCTbIO K J[eHCTBHIO BHEIJHHX areH- 
ToB. B cTroukve MepHOAbI pa3BUTHA HHTeCHCMBHO HAYT alHaspoOuble Mmporec- 
CbI paciiellIeHHA, YBeIMYMBaeTCA COMepxKaHuve HyKseompoTensoB (1!) , 

Samavel JaHHOH paOoTbl ABJIAeCTCA BbIACHHTb U3MCHeCHHE KOJIHYeCTBA 
CYIbQruApHJIbHEIX PpyMN B KpHTHYeCKHe H CTOHKMe NepHOLbl IMOPHOHAIb- 
HOMO pa3BHTHA. 

MicceqoBaHHa MpOBOJMJIMCb Ha pa3BuBalolleucA uKpe pumyca Corego- 
nus albula infraspecies ladogensis Pravdin us 03. Wlaprau, CBepaoscKor 
o61., H ukpe oxyHa Perca fluviatilis. 

CyJIb®ruspuJibuble rpynMbl OMpexesAucb TO XOAY BCero IMOpHOHabHOrO 
pa3BHTHA Cc Havalla ApoOeHHA MO pocTa csopMupoBaBlienoca 2MOpHoHa. 
PaspuTuve punyca zmuTca oKon0 15 qHel pH Temmepatype 4°. Jina o6napy- 
2%KeHHA CYJIbPruApHJIbHbIX TPyMM NPHMeHAJICA HATPOMPyCCHAHbIM MeTO, OCHO- 
RaHHbIM Ha TOM, UTO B TKAaHAX C OOJIbUIMM KOJIMYCCTBOM CyYJIb(PruApHJIbHbIX 
rpyll KpacHadv OKpacKa B HUTpOMpyccuse MOARJIAeTCA y2Ke NOCMe HeOOJIbIAX 
CpoKoB MpoTpaBbl B 5% ykcycHOKHcIoM wHHKe. B TkaHAX C MeHbIIAM 
KOJIMYeCTBOM CYJIb(PrHApHJIbHbIX NMpyll. KpacHad OKpacKa TOH Ke APKOCTH 
HOABIAeTCA Moce Oomee MpOMOMKUTCIbHbIX CpOKOB porpaspl. B ompirax 
€ MKpOH pulyca MbI NpoH3BOANIM WIA KaxKMOK CTaMH pasBuTHA MpoTpasy 
B YKCYCHOKHCJIOM wWHHKe To 15, 30 u 60 cex. Ilo HHTeHCHBHOCTH OKpallHBa- 
HUA MIpH pasJIM4IHbIX CpOKaX MpOTPaBbl MOXHO CYAMTb O COMepKaHHH cyJbp- 
THAPHIbHBIX py B TKaHAX 9MOpHoHa (cM. Tabs. 1). Ha ocHoBanuu mpo- 
BeCHHOH HHTpONpyccHAHOK peakUHH Ha 4eTbIPexX CepHAx pasBHBarollelica 
HKpbl pHMyca MOXKHO AaTb XapaKTepHCTHKY H3MeHeHHA COepxKaHUA CyJbp- 
PH]IPHJIbHBIX Ppylil MO XOLyY SMOpHOHAIbHOPO pa3BUTHA. 

Ha HavaJibHbIX CTaqHAX JpoOJIeHHA 3aMeTHO yBeHYeHHe KOJIMUeCTBA 
CYJIbPruspHsIbHBIxX rpynm (Ta67. 1). Ha craquu 2 OacTomepos HuTpoMpyccuy- 
Had peakIMA MaeT po3OByl0 OKpacKky MpH mpoTpape B Teyenve 15 u 30 cex., 
Tora KaK Mp asbHetem ApoOmeHHuH (MOPyJla KPyMHbIX KJIeTOK) OKpacKa 
CTAHOBUTCA APKOKpacHoli yxe mpH mpoTpaBe B TeyeHve 30 cex. K KoHILy 
WpoOseHHa comepKavuNe CyJIbPruspHJibHbIX Tpynm pesko cHHxKaeTcA. Mobi 
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BHJUM TloJHOe OTCYTCTBHe OKpacKH TIpH mpoTpaBe B 15 ceK. H MOABJeHH 
JIMIUb caaboli pos0Boli OKpacKM MIpH UpoTpape B 30 cek. 

Kak TOoubKO HauWHaeTca TracTpyIAWNA, KOMMYECTBO CYJbPrnAPHJIbHbP 
rpylt B TKaHH BOSpacTaeT H OCTAeTCA BbICOKMM HM B LaJibHeHiWNeM xofe racTpy 
JIAULMH, BIVIOTh O Hatasa (POpMUpOBaHHA sapomplllia (APKOKpacHas OKpack 
pH mpotTpase B 30 cek.). 

MopmupoBaHne SMOpHoHa y plllyca HayMHaeTCA MO sakpbITHA OnacToNopal 
Paspurue pumyca 6lM3Ko K pasBuTuio cura (1%). Bo Bpema cbopmMupoBaHH 
QMOpHOHa COsepKaHHe CyIbPrHAPWIbHbIX TPyMM BHOBb CHH2KAeCTCA, a Cpa3y 
“Ke Toce CiopMUpoBaHHA I9MOpHOHA HM SaKPbITHA ONacTomopa, T. e. MOC 
O6pas0BaHU XBOCTOBOH NOUKH, Mbl BAMM BHOBb YBeJIMUeHHe KOJIHYCCTB 
CYIbPrvAPHJIbHbIX Tpyii (MOABJeHHe KpaCHOH OKPaCkKH axe MPH mporpa- 
Be B 15 cek.). 


Ta6Onauna 1 
HuTponpyccudhad peakuunsa Ha CYAbPrUAPH Ab- 


Hble Ppynmb TO xOLY IMOPHOHAAHDHOTO pa3sBu- | 
THA HKPH punyca 


TIpomzomxuT. MpoTpaBbl B CeK. 


15 | 30 60 

Craqua 2 6acTOMepoB . = ae +++ 
Mopyla KpyNHbIxX KJeTOK . AP =Papae 
Kone, 1po0senusl 0 “F 

) a 557 a a 
Tactpyaaqua . + i 

‘ an Gina pieetaiia 
+ +++ 

. spar 

@PopmupoBanne IMOpHOHa . + + + 

= ate ae os 

3akpbiTue OnacTonNopa ... . +4 +++) 4+44+4+ 

Poct chopMupoBannoro 9MOpH- 

OHa Re ash see + +++ / 4+4++4++ 

+ Se ell aes eur ce 

- ae A leeches 

= Seti ok UA a lau 

ar AP Ar ais 

cteata seatristestul “Ghenie ale te 

O—OTCYTCTBHE OKpacKnu, — Ca6ant po30Bas, + po3oBas, 


++ Kpacnas, +++, +++-+ sapkoKpacnaa. 


Ha mporsaxeuHu Bcero pocta ccopMupoBaBlilerocd IMOPpHOHAa TKaHb ero 
ocTaetcs OoraToH cyJIb*ruspHJbHbIMH rpymnamu. 

TakuM OOpa30M, KOJIMYeECTBO CYJb(ru{pHJIDHBIX PpyMn WO xoLy 2MO6pKo- 
HaJIbHOrO pa3BATHA MeHAeTCH. Mbt Ha6JiOaeM BbICOKOe COsepxKaHHe Cysbp- 
PHIIPHJIbHbIX py BO BpeMA PacTpyJAWMM B MepHos pocta chopmMupoBaB- 
meroca sMOpuHona. Ilepegq Hayasiom racTpyALHA HM B MepHox PopmMupoBaHns 
IMOPNOHA KOJIMUeCTBO CYJIbPruAPHJIbHBIX TpyMl B IMOpMOHAIbHOM TKAHM CHH- 
*Kaenrcs. 

JlawHble, NOwJyueHHble C UKPOH puMyca, NOATBepxLalOTCA M Ha MKpe OKYHA. 
B onpitax € MKpoOli OKYHA Mbl IPHMCHHJIM HeCKOJIbKO H3MeHCHHY1O MeTOAUKy, 
a HMCHHO: MKpy mocie uKcallMH M MpOMbIBKH TOMellasH He B MpoTpasy, 
Kak M B OMbITaX C PHIYCOM, a B HATPOMpyccu HaTpHA HM 3aTeM y2Ke B yKCyc- 
HOKHCJIbIN HWHK (MpoTpapa) LO NOABJeCHHA APKOKpacHoro OKpaliHBaHHA. 

BpeMA MOABJIeHHA OKpaCKH ABIAeTCA MOKa3aTeIeM KOIMUeCTBA cy JIb¢p- 
DAAPWIbHbIX PPyM Ha TOU WIM HHO CTaquM 9MOpHonabHOrO pasBuTus, Uem 
OoUbIe CYJIbProAPHIbHbIX py B IMOpHONabHOl TKAHH, TeM ObicTpee 
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MOABJIACTCA APKad OKpacka, H HaOOOpoT. Pe3y.bTaTbl, MOJYYeHHbIe Ha Tpex 
_ CepHaAX HKPbl OKYHA, NpecTapsenbl Ha puc. |. 

B Onactomucke NO ApoOMeHua M Ha cTaquM AByX GOnacToMepoB cymbdp- 
THIPHJIbHBIX py MHOPO (OKpacKa HacTytlaer Opicrpo yepes 70—75 cex. B 
cepuu A u 75—85 cex. B cepun C). Ilo xozy gpo6seHua MBI BHAYM 
CHadasla pe3KOe, a 3aTeM, MOCJI€e KpaTKOBpeMeHHOro MObeMa, Ooslee WaBHOe 
YMeHbIIeHHe BPeCMeHH MOABJICHHA OKPackH: B cep. A— cHuxKeHHe co 100— 
MHHHMAJIbHOrO KOJIMNeCTBAa K KOHUY po6meHua (Wauamy racTpyviawun) 
(BpeMa nosBJeHHa OKpackH 100—120 cex. B cep. A, 120—135 cex. B cep. B, 


cek. 


ms 
S 


8 


~ 


7 


8 


8 


Bpema nonbrenun okpacky 
8 


a a 
a 4 a a 
Dopmupobanue sMbpuona 


© ® © 


Puc. 1. Hutponpyccuanasd peakyna Ha Cy IbruApusbuble rpynupl 10 XOLY 9IMOpHOHaAbHOrO 
Pa3BHTHA HKpbl OKyYHA. @—cepua A, 6—cepna B, 6—cepua C 


~~ 
Ss 


140 cex. B cep. C). Kak Tombko HauMHaeTCa PacTpyJAUMA HW B MasibHeHem 
ee xoOjJle KOJIMYECTEO CYJIb(rHAPHJIbHbIX rpyln yBesMGuBaeTCAH (Ha KPHBBbIX 
YMeHbIleHHe BPeMeHH TIPOABJICHHA OKPacKu: B cep. A — cHuxKeHue co 100— 
120 no 50 cex.; B cep. C co 140 no 80 cex.; B cep. B co 120—135 yo 70 cex.). 

Bo BpemMaA opMupoBaHia 3SMOpMoHa Ha6JiofaeTCA BHOBb CHHXKeHHE 
CYIbPrHAPHJIbHbIX PVN, WpHyeM CHHKeHve HaOMOMaeTCA MBaxKTbl — B Ha- 
yale PopMupoBaHua (BpeMaA NoxBeHHA OKpackH 100—110 cex. B cep. B; 
60—70 cex. B cep. A; 80—85 cex. B cep. C) H B KOHIe (thopMupoBaHHs 
(80—90 cex. B cep. A ux B; 70—90 cex. B cep. C). 

TakHM o6pa30M, HHTpOMpyccuyHad peakiuA, MpobeweHHasd Ha pa3sBHBa- 
rouleHca MKpe pHMyca WH OKYHA, MOKa3bIBaeT, YTO YMCHbINeHHe KOJIMUeCTBA 
CYJIbPruApHJIbHbIX py coBnamkaeT c MepHoLaMu: KOHeL, WpoOseHuA (Haya- 
JO TacTpy1AuuH) H PopMupoBaHve IMOpHOHa. 

Pa6oramu A. H. Tpudonosol, T. MW UWpusonpyesa, M. D. Bepnunzy6 u 
+H. JI. Huxudopospa ycraHoBJieHo, 4YTO UKpa pblO 4yYBCTBHTeIbHa K YKJIOHe- 
HHIO OT OITHMYMA pa3JIM4HbIX (PakTOPOB BHELWHeH Cpesbl (yAyllbe, BbICOKas 
4 HU3KaA TeMMepatypa, TpaACKa HM PA APyruxX aPeHTOB) Ha CTafHAX: Hayao 
Rpo6senud, Hayao racTpyauHu u PopMupoBaHve 9MOpHOoHa. ITH NepHonpl 
M Ha3BaHbl KpHTHYeckuMH. M3 aKcnepHMeHTaJIbHbIX JLaHHbIX Halle padorni 
culekyeT, YTO B TKAHAX JMOPHOHA B KPHTMYeCKHE MepHOAbI pasBUTHA UKPpbI 
punyca H OKYyHA CyJIbPruspHJIbHbIX py MaJlO, B CTOMKWe MepHoOsbI KOJIH- 
YECTBO CYJIb@rvpWIbHbIX Tpymm BospacTaeT — OCOOeHHO pe3KO BO BpeMA 
racTpyJIAWHH. 

CormacHo pa6otam X. C. Kouitosnya cyibrugpHJibuble rpynnbl ABJIA- 
}OTCA PeCaKTHBHbIMH HIM MYHKUNOHAIbHbIMM TpynlamMH OesKa. CBasbipaHve 
CYJIbruApHJIbHbIX [PYM MpPMBOAMT K BbIKJIOUCHHIO pas parxKHMOCTH YKHBOFO 
BelECTBa, BOCCTAHOBJICHHE HOPMAJIbHOH CTPYKTYpbl GOeJIKOBbIX TeJI BeeT K 
BOCCTAHOBJeHHIO peakTHBHocTH (!*). 

Takum o6pa30m, elle 20 Hayasla PYHKUMOHMpOBaHHA HepBHOH CHCTeMBI 
MOXKHO, MOBHAMMOMY, TOBOPHTb oO pa3sJIMYHOH peakTHBHOCTH pasBUBalouleroca 
3MOpHoHa pbl6. Bo3smMoxHO, YTO OMHON U3 pH MIOXOH MpuciocoOJIAemocTH 
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3MOpHOHa PbIO K HSMCHAIOWIHMCA (hakTOpaM BHeLIHEH Cpelbl Ha KPHTHYCCKHUX: 
CTaNWAX Pa3BHTHA ABJIAeTCA TWIOXaA PeaKTHBHOCTb UX 2XHBONO BeLILeCTBA! 
BCJI€MCTBHe MaJIOrO COMepwKaHHA CYJbPrHAPHIbHbIX Ppynn. 


CBepAOBCKHH TOocyLapcTBeHHbIA Noctynuso 
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